
DOCUMENT RESUME

ED 093 649 SE 017 398

TITLE Energy. Environmental Education Curriculum.
INSTITUTION Topeka Public Schools, Kans.
SPONS AGENCY Bureau of Elementary and Secondary Education

(DREW /OE), Washington, D.C.
PUB DATE Jan 74
NOTE 158p.

EDRS PRICE MF-$0.75 HC-$7.80 PLUS POSTAGE
DESCRIPTORS Activity Learning; *Conservation Education;

Curriculum; *Elementary Grades; *Energy;
*Environmental Education; Instruction; Instructional
Materials; *Unit Plan

IDENTIFIERS Elementary Secondary Education Act Title III; ESEA
Title III

ABSTRACT
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energy is, (2) where it comes from, (3) how we use it, and (4) ways
we can more wisely use the energy available to us. By the completion
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Foreword

Our present life style means all of us are consuming more energy than ever before.
This increasing demand by individual Americans for energy, increasing populations,
and citizens of other countries wishing to improve their standard of living have
created greater demands for energy than our present technology can supply. Current

energy problems have caused people to become concerned with what energy is and
where it comes from. People were not concerned as long as they received the supply
of electricity, gasoline, natural gas, and other energy supplies.

The material in this unit is intended to provide upper elementary students with
basic information about: 1) what energy is, 2) where it comes from, 3) how we use
it, 4) and ways we can more wisely use the energy available to us. By the com-
pletion of the study of this unit, students should be well aware that any life style
is closely related to the amount of energy available and being consumed. As part
of this unit, students will visit displays in the State Historical Society Building
where they will compare energy usage with various life styles.

Accurate data concerning energy resources and usage is hard to obtain due to
conflicting reports and methods for computing the information, and to the interests
of groups doing the research. The facts used in this unit are intended to reflect
generalities and are as accurate as possible from the information available at the
time the unit was developed. Undoubtedly students will locate conflicting data
in various magazines and other sources. This conflicting information can be used
to point out the importance of critical reading, and the importance of determining
the source of information.

To facilitate use of the material, objectives are listed in front of the unit
followed by a cross reference chart relating the objectives to the appropriate
activities. Maps, charts, graphs, short articles, special activities, and other
materials referred to in the various activities are located in the appendix.

Teachers are not expected to utilize all activities, but should select those
appropriate for their students that will accomplish the unit objectives. Feel free
to modify or substitute activities as necessary to obtain the best education
possible.

Glenn Clarkson
Elementary Program Specialist
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UNIT GOALS AND OBJECTIVES

Goals:

1) To develop an understanding of the basiC vocabulary used in discussing
energy and its usage.

2) To develop an understanding of our energy sources and the supply of each.

3) To develop an awareness of the increasing demands for energy.

4) To increase an awareness of the individual's responsibility in conserving
our energy resources.

5) To develop an awareness of ways by which individuals, businesses, industry,
and others can reduce theit demands for energy without adversely affecting
life styles.

Cognitive Objectives:

Following the study of this unit, students will be able, on multiple-choice
questions, to select a Choice:

1) ...indicating that they realize that heat, light, and electricity are all
forms of energy.

2) ...match any or all of BTU, calorie, and kilowatt-hour with ways we
measure energy.

3) ,..indicate they understand that the energy in food originally comes from
the sun.

4) select home heating system as the greatest user of energy within
the home.

5) select gravitational energy as the form of energy that moves
things like sleds down hills.

6) select industry as the greatest consumer of energy in our society.

7) indicate that more energy is required to make aluminum containers
than is required for making containers from other common materials.

8) select a choice indicating they understand items such as electric
toothbrushes require much more energy for their manufacturing than for
their operating.

9) select buses as the method of travel between cities that requires
the least energy per mile a person travels.

10) select pipelines as the method requiring the least energy to move
liquids over great distances.

11) be able to identify the sources of fossil fuel energy.

12) ... will be able to identify the major sources of energy being presently

used in the United States.



Cognitive Objectives (Continued)

13) select nuclear-f4e1 as a likely source for much of our energy 50
years from now based on present projectionS.

14) select coal as the form in which the United States has the greatest
supply of stored energy.

15) select a choice indicating they understand-that energy :s changed
fro: one form to another in electrical generatingstations.

16) select a choice indicating.we-changeipur.energy supply from one
form to another to make the energy easier to tranSport and use.

17) select an item not made from crude oil from.a list of items made
from crude oil.

13) select achoice indicating that as people develop more industry,
knowledge and become richer they 'use 'more energy'.

19) identify increasing population, changing life styles, and decreasing
of our present sources of energy as causes for the energy crisis.

20) select a choice indicatinfi that.as we continue'to use more energy
pollution will continue to be a problem.

21) select making throw -away containers as one way energy is wasted
by industry.

22) select tequiring pollution control devises as the best way to
control pollution without damaging our economy.

Affective Goal

Following the. study of this unit, students will reflect a positive attitude
toward the following concepts:

1) Individuals should not waste energy.

2) Individuals should buy the most energy efficient products.

3) Pollution from energy production and usage must be controlled even if it
requires using more energy.

4) U. S. citizens must become more aware of the sources of energy and the
amount of each source available.

5) The use of energy should be regulated by laws.

6) Energy usage should be regulated by changing its costs.

7) We should be concerned about the energy resources for future generations.
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ACTIVITY SUMMARY SHEET

TOPIC I

Activity
Number

Behavioral Objectives
Topic the Topic Helps Develop

1.0
1.1
1.2

1.3
1.4
1.5

2.0
2.1
2.2

2.3
2.4
2.5

2.6

2.7
2.8
2.9

3.0

3.1
3.2

3.3
3.4
3.5
3.6

3.7
3.8
3.9

3.10

4.0 .

4.1
4.2

4.3

4.4

4.5

Introduction
Determining What Students Thing Energy Is 1

Cassette Tape on "Our Energy Supply" 11, 12,

Collage - Energy Forms and Uses Variable
Develop a Working Definition of Energy 1

Neasuring Energy 2

TOPIC II

Introduction
Energy Used by Our Bodies 3

Home Use of Energy 1, 2, 4,

Graphing Home Energy Use 4

Recreational Use of Energy 1, 5

Business Use of Energy 1

Industrial Use of Energy 6

Energy for Transportation '9, 10
Distribution of Energy Used in Transportation 9, 10
How the United States Uses Energy 6

'TOPIC III

Introduction
Body Energy 3

Source of Fossil Fuel Energy 11, 12

Location of Fossil Fuel Supplies 11, 12

World Supply of Fossil Fuel Energy 11, 12
World Distribution of Coal, Oil, and Gas 11, 12
Present Energy Sources - United States 12

Amounts of Fossil Fuel Remaining 11, 12,

Other Sources of Energy 12

Changing Energy Usage in the United States 18

Film - We Use Power" 12, 13,

TOPIC IV

Introduction
Generating Electricity 15, 16

Changing Electrical Energy into Motion
Energy 1, 16

Changing Electrical Energy into Heat
and Light 1, 16

Changing Gasoline (Chemical Energy)
into Notion Energy 1, 16

Converting Crude Oil into Usable Energy
Forms 16, 17

13,

16,

14,

14,

14,

12

16

15,

13,

18,

20

19

vii



ACTIVITIES STITIARY SHEET
(Continued)

Activity
Number Topic

Behavioral Objectives
the Topic Helps Develop

5.0
5.1
5.2
5.3
5.4
5.5
5.6

TOPIC V

Introduction
Why Be Concerned About Saving Energy
Conserve Energy in the Home
Conserving Transportation Energy
Reducing Industrial Energy'Usage
Allocation of.Hatural Resources
Developing an Energy Ethic

.19

4

9, 10
6, 7, 8,
12

Variable

21

TOPIC VI

6.0 Introduction
6.1 Enerby Usage and Health 20

6.2 Sources of Air Pollution Relating
to Energy TJage . 18, 19, 20

6.3 Problems Associated with Extracting
Fuels from the Earth 20, 22

6.4 Control of Invironmental Problems
Resulting from Energy Usage 22

TOPIC VII

7.0 Introduction
7.1 Trip Preparation
7.2 Field Trip Leader Directions
7.3 Field Trip Follow-up
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Suggested Time Line for Unit Activities

Day

Before the field tripe

(A) Arrange the field trip date with the Environmental Education project
staff and/or Historical Society volunteers as early as possible.

(B) Obtain approval of the field trip date from your building principal.

(C) Submit field trip request to your principal (See Appendix E).

(D) Contact the Environmental Education project office concerning the
student pretest before teaching any of the unit.

(E) Arrange for the tape 'Our Enern7 Supply' from the Environmental
Education project office.

(F) Arrange with your media center to use the film -Pe Use Power.

X to 0 Teach the activities that precede the field trip which yo' feel are useful
and will enable you to meet the unit objectives.

7 Prepare copies of the letter informing parents al.,sut the field trip
(Samples in Appendix E).

6 Send parent letters home and invite the principal to participate in the
field trip.

3 Make copies of the data sheets for students as directed in Appendix E.

1 Go over the data sheet with students. If signed parent permission is
required, check to see all are returned.

Field Trip:

0 (A) Using maskin tape, make name tags for each student.

(B) See that each student has a pencil or ball-point pen, a clipboard
or notebool, and the data sheets.

(C) Have students use the restroom before leavin,, school.

(D) Have the students divided into 2 or 3 groups as agreed on with the
leaders of the time your trip was scheduled.

(T) Pave students ready to leave at the agreed time.

Following the Field Trip:

Discuss data sheets and field trip observations. Use the teacher guide for
field trip discussion (Appendis E) to help direct the classroom follow-up.

-1 to -X Teach any remaining activities you feel are useful and will help meet the
unit objectives.

-X Contact the project office to obtain posttesting materials and teacher
feedback forms.

ix
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e
 
a
s
 
a
n
 
i
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
w
h
y
 
w
e
 
a
r
e
 
c
o
n
c
e
r
n
e
d
 
a
b
o
u
t
 
e
n
e
r
g
y
.

I
t
 
b
r
o
a
d
l
y
 
c
o
v
e
r
s
 
a
 
l
o
t
 
o
f
 
m
a
t
e
r
i
a
l
,
 
b
u
t
 
d
o
e
s
 
n
o
t
 
d
e
a
l
 
w
i
t
h
 
a
n
y
t
h
i
n
g
 
i
n
 
d
e
p
t
h
.

S
a
m
p
l
e
 
q
u
e
s
t
i
o
n
s
 
a
r
e
 
p
r
o
v
i
d
e
d
 
i
n
 
A
p
p
e
n
d
i
x
 
D
 
t
o
 
a
s
s
i
s
t
 
i
n
 
d
i
r
e
c
t
i
n
g
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n

d
u
r
i
n
g
 
a
n
d
 
f
o
l
l
o
w
i
n
g
 
t
h
e
 
t
a
p
e
.

Y
o
u
 
m
a
y
 
w
i
s
h
 
t
o
 
m
a
k
e
 
t
h
e
 
t
a
p
e
 
a
v
a
i
l
a
b
l
e
 
f
o
r
 
l
i
s
t
e
n
i
n
g

b
y
 
i
n
d
i
v
i
d
u
a
l
 
s
t
u
d
e
n
t
s
 
o
r
 
s
m
a
l
l
 
g
r
o
u
p
s
.



1
.
3

C
o
l
l
a
g
e
 
o
f
 
E
n
e
r
g
y

F
o
r
m
s
 
a
n
d
 
U
s
e
s

1
.
4

D
e
v
e
l
o
p
 
a
 
W
o
r
k
i
n
g

D
e
f
i
n
i
t
i
o
n
 
o
f

E
n
e
r
g
y

1
.
5

M
e
a
s
u
r
i
n
g
 
E
n
e
r
g
y

1
.
3

H
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
b
r
i
n
g
 
p
i
c
t
u
r
e
s
 
i
l
l
u
s
t
r
a
t
i
n
g
 
e
x
a
m
p
l
e
s
 
o
f
 
e
n
e
r
g
y
,
 
w
a
y
s
 
i
t
 
i
s
 
u
s
e
d
,

a
n
d
 
d
i
f
f
e
r
e
n
t
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
.

U
s
e
 
t
h
e
s
e
 
p
i
c
t
u
r
e
s
 
t
o
 
c
o
n
s
t
r
u
c
t
 
a
 
b
u
l
l
e
t
i
n
 
b
o
a
r
d
 
c
o
l
l
a
g
e

w
i
t
h
 
t
h
e
 
w
o
r
d
 
"
E
n
e
r
g
y
"
 
i
n
,
t
h
e
 
c
e
n
t
e
r
.

A
s
 
s
t
u
d
e
n
t
s
 
p
u
t
 
u
p
 
t
h
e
i
r
 
p
i
c
t
u
r
e
s
,
 
h
a
v
e
 
t
h
e
m

e
x
p
l
a
i
n
 
t
o
 
o
t
h
e
r
s
 
h
o
w
 
t
h
e
 
p
i
c
t
u
r
e
s
 
r
e
l
a
t
e
 
t
o
 
e
n
e
r
g
y
.

H
o
p
e
f
u
l
l
y
 
t
h
e
 
v
a
r
i
e
t
y
 
o
f
 
p
i
c
t
u
r
e
s

w
i
l
l
 
i
n
c
l
u
d
e
 
e
v
e
r
y
,
f
a
c
e
t
 
o
f
 
o
u
r
 
l
i
f
e
,
 
s
i
n
c
e
 
e
n
e
r
g
y
 
i
s
 
i
n
v
o
l
v
e
d
 
e
v
e
r
y
w
h
e
r
e
.

A
t
 
t
h
i
s

p
o
i
n
t
,
 
i
t
 
w
i
l
l
 
b
e
 
i
n
t
e
r
e
s
t
i
n
g
 
t
o
 
s
e
e
 
i
f
 
a
n
y
 
s
t
u
d
e
n
t
 
i
n
c
l
u
d
e
s
 
t
h
e
 
s
u
n
 
a
n
d
 
r
e
a
l
i
z
e
 
i
t

i
s
 
t
h
e
 
o
r
i
g
i
n
a
l
 
s
o
u
r
c
e
 
o
f
 
a
l
l
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
.

D
o
 
t
h
e
 
p
i
c
t
u
r
e
s
 
i
l
l
u
s
t
r
a
t
e
 
e
n
e
r
g
y

u
s
e
d
 
b
y
 
l
i
v
i
n
g
 
o
r
g
a
n
i
s
m
s
 
a
s
 
w
e
l
l
 
a
s
 
e
n
e
r
g
y
 
u
s
e
d
 
b
y
 
n
o
n
-
l
i
v
i
n
g
 
t
h
i
n
g
s
 
i
n
 
o
u
r
 
w
o
r
l
d
?

2

C
o
n
t
i
n
u
e
 
t
o
 
d
e
v
e
l
o
p
 
t
h
e
 
e
n
e
r
g
y
 
p
i
c
t
u
r
e
 
c
o
l
l
a
g
e
 
u
n
t
i
l
 
a
l
l
 
s
t
u
d
e
n
t
s
 
r
e
a
l
i
z
e
 
t
h
a
t
 
n
o

p
a
r
t
 
o
f
 
t
h
e
i
r
 
l
i
f
e
o
a
n
 
e
x
i
s
t
 
w
i
t
h
o
u
t
 
e
n
e
r
g
y
.

U
s
e
 
t
h
e
 
p
i
c
t
u
r
e
s
 
t
o
 
i
l
l
u
s
t
r
a
t
e
 
h
o
w

e
n
e
r
g
y
 
i
s
 
c
h
a
n
g
e
d
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r
.

F
o
r
,
 
e
x
a
m
p
l
e
:

s
u
n
'
s
 
l
i
g
h
t
 
t
o
 
g
r
e
e
n
 
p
l
a
n
t
s

t
o
 
c
o
a
l
 
t
o
 
h
e
a
t
 
t
o
 
e
l
e
c
t
r
i
c
i
t
y
 
t
o
 
l
i
g
h
t
.

S
t
u
d
e
n
t
S
 
m
a
y
 
w
i
s
h
 
t
o
 
b
r
i
n
g
 
a
d
d
i
t
i
o
n
a
l

p
i
c
t
u
r
e
s
 
o
r
 
r
e
a
r
r
a
n
g
e
 
p
i
c
t
u
r
e
s
 
t
o
 
i
l
l
u
s
t
r
a
t
c
 
s
t
o
r
i
e
s
 
w
i
t
h
i
n
 
t
h
e
 
e
n
e
r
g
y
 
c
o
l
l
a
g
e
.

1
.
4

F
o
l
l
o
w
i
n
g
 
a
c
t
i
v
i
t
i
e
s
 
1
.
1
 
-
 
1
.
3
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
r
e
a
d
y
 
t
o
 
a
g
r
e
e

o
n
 
a
 
d
e
f
i
n
i
t
i
o
n
 
o
f

e
n
e
r
g
y
.

T
h
e
y
 
s
h
o
u
l
d
 
d
e
v
e
l
o
p
 
a
 
d
e
f
i
n
i
t
i
o
n
 
t
h
a
t
 
i
s
 
m
e
a
n
i
n
g
f
u
l
 
t
o
 
t
h
e
m
 
a
n
d
 
d
e
s
c
r
i
b
e
s

t
h
e
 
w
a
y
 
t
h
e
y
 
p
e
r
c
e
i
v
e
 
e
n
e
r
g
y
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
s
a
m
p
l
e
s
 
o
f
 
t
e
x
t
b
o
o
k
 
d
e
f
i
n
i
t
i
o
n
s
 
f
o
r
 
e
n
e
r
g
y

m
a
y
 
p
r
o
v
i
d
e
 
g
u
i
d
e
l
i
n
e
s
 
f
o
r
 
y
o
u
 
i
n
 
d
i
r
e
c
t
i
n
g
 
t
h
e
 
s
t
u
d
e
n
t
s
 
a
s
 
t
h
e
y
 
d
e
v
e
l
o
p
 
t
h
e
i
r

d
e
f
i
n
i
t
i
o
n
s
:

a
)

T
h
a
t
 
w
h
i
c
h
 
m
a
y
 
b
e
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
w
o
r
k
.

b
)

S
o
m
e
t
h
i
n
g
 
c
a
p
a
b
l
e
 
o
f
 
p
e
r
f
o
r
m
i
n
g
 
w
o
r
k
.

c
)

C
a
p
a
c
i
t
y
 
f
o
r
 
d
o
i
n
g
 
w
o
r
k
.

d
)

C
a
p
a
b
l
e
 
o
f
 
d
o
i
n
g
 
w
o
r
k
.

i
l
a
n
y
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
n
o
t
 
r
e
l
a
t
e
 
t
o
 
t
h
e
s
e
 
d
e
f
i
n
i
t
i
o
n
s
 
s
o
 
e
f
f
o
r
t
s
 
s
h
o
u
l
d
 
b
e
 
m
a
d
e
 
t
o

c
o
o
p
e
r
a
t
i
v
e
l
y
 
d
e
v
e
l
o
p
 
a
 
m
e
a
n
i
n
g
f
u
l
 
d
e
f
i
n
i
t
i
o
n
.

A
n
 
e
x
a
m
p
l
e
 
m
i
g
h
t
 
b
e
:

T
h
e
 
"
s
t
u
f
f
"

t
h
a
t
 
(
1
)
 
a
l
l
o
w
s
 
u
s
 
t
o
 
t
h
i
n
k
,
 
w
o
r
k
,
 
a
n
d
 
p
l
a
y
;
 
(
2
)
 
m
a
k
e
s
 
h
e
a
t
:
 
(
3
)
 
m
a
k
e
s
 
m
a
c
h
i
n
e
s
 
r
u
n
:

(
4
)
 
m
a
k
e
s
 
p
l
a
n
t
s
 
g
r
o
w
l
 
(
5
)
 
c
a
u
s
e
s
 
w
i
n
d
,
 
r
a
i
n
,
 
a
n
d
 
o
t
h
e
r
 
w
e
a
t
h
e
r
;
 
a
n
d
 
(
6
)

c
a
u
s
e
s
 
t
h
e

o
c
e
a
n
s
 
a
n
d
 
w
o
r
l
d
 
t
o
 
m
o
v
e
.

1
.
5

E
n
e
r
g
y
 
e
x
i
s
t
s
 
i
n
 
m
a
n
y
 
f
o
r
m
s
.

I
t
 
c
a
n
 
b
e
 
r
a
t
h
e
r
 
c
o
n
f
u
s
i
n
g
 
t
o
 
c
o
m
p
a
r
e
 
o
n
e
 
f
o
r
m
 
w
i
t
h

a
n
o
t
h
e
r
.

F
o
r
 
e
x
a
m
p
l
e
,
 
h
o
w
 
m
u
c
h
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
o
r
 
e
l
e
c
t
r
i
c
i
t
y
 
d
o
e
s
 
i
t
 
t
a
k
e
 
t
o

e
q
u
a
l
 
t
h
e
 
e
n
e
r
g
y
 
s
t
o
r
e
d
 
i
n
 
o
n
e
 
t
o
n
 
o
f
 
c
o
a
l
?



1
.
5

3
W
h
e
n
 
s
c
i
e
n
t
i
s
t
 
c
o
m
p
a
r
e
 
v
a
r
i
o
u
s
 
f
o
r
m
s
 
o
f

e
n
e
r
g
y
 
t
h
e
y
 
u
s
u
a
l
l
y
 
d
o
 
i
t
 
i
n
 
t
e
r
m
s
 
o
f
 
h
o
w

m
u
c
h

h
e
a
t
 
i
t
 
c
a
n
 
p
r
o
d
u
c
e
.

T
h
e
r
e
 
a
r
e
 
f
o
u
r
 
c
o
m
m
o
n
l
y
 
u
s
e
d
 
u
n
i
t
s
.

S
c
i
e
n
t
i
s
t
 
w
o
r
k
i
n
g
 
i
n

l
a
b
o
r
a
t
o
r
i
e
s
 
m
e
a
s
u
r
e
 
h
e
a
t
 
i
n
 
s
m
a
l
l
 
c
a
l
o
r
i
e
s
.

A
 
s
m
a
l
l
 
c
a
l
o
r
i
e
 
i
s
 
t
h
e
 
h
e
a
t
 
r
e
q
u
i
r
e
d

t
o
 
h
e
a
t
 
o
n
e
 
g
r
a
m
 
o
f
 
w
a
t
e
r
 
o
n
e
 
d
e
g
r
e
e
 
c
e
n
t
i
g
r
a
d
e
o
r
 
p
u
t
 
a
n
o
t
h
e
r
 
w
a
y
,
 
i
t
 
w
o
u
l
d
 
t
a
k
e

2
0
,
8
1
7
 
s
m
a
l
l
 
c
a
l
o
r
i
e
s
 
t
o
 
h
e
a
t

o
n
e
 
g
a
l
l
o
n
 
o
f
 
w
a
t
e
r
 
f
r
o
m
 
6
0

t
o
 
7
0
0
 
F
.

P
e
o
p
l
e
 
w
o
r
k
i
n
g
 
w
i
t
h
 
f
o
o
d
 
T
e
a
s
u
r
e

e
n
e
r
g
y
 
i
n
 
l
a
r
g
e
 
C
a
l
o
r
i
e
s
.

T
h
e
 
l
a
r
g
e
 
C
a
l
o
r
i
e
 
i
s

1
,
0
0
0
 
t
i
m
e
s
 
l
a
r
g
e
r
 
t
h
a
n
 
t
h
e
 
s
m
a
l
l
 
c
a
l
o
r
i
e
.

A
 
t
y
p
i
c
a
l
 
t
w
e
l
v
e
 
y
e
a
r
 
o
l
d
 
b
o
y
 
w
i
l
l

u
s
e

a
b
o
u
t
 
3
,
2
0
0
 
l
a
r
g
e
 
C
a
l
o
r
i
e
s
 
o
f

e
n
e
r
g
y
 
e
a
c
h
 
d
a
y
 
j
u
s
t
 
t
h
i
n
k
i
n
g
,
 
m
o
v
i
n
g
,
 
k
e
e
p
i
n
g
 
h
i
s
 
b
o
d
y

t
h
e
 
r
i
g
h
t
 
t
e
m
p
e
r
a
t
u
r
e
 
a
n
d
 
k
e
e
p
i
n
g
 
a
l
l
 
h
i
s

i
n
t
e
r
n
a
l
 
o
r
g
a
n
s
 
g
o
i
n
g
.

G
i
r
l
s
 
w
i
l
l
 
u
s
e
 
a

l
i
t
t
l
e
 
l
e
s
s
,
 
a
r
o
u
n
d
 
2
,
6
`
)
0
 
l
a
r
g
e
 
C
a
l
o
r
i
e
s
.

.
 
T
h
e
s
e
 
C
a
l
o
r
i
e
s
 
o
f
 
e
n
e
r
g
y
 
c
o
m
e
 
f
r
o
m
 
t
h
e

f
o
o
d
 
w
e
 
e
a
t
.

P
e
o
p
l
e
 
w
o
r
k
i
n
g
 
i
n
 
i
n
d
u
s
t
r
y
 
w
i
t
h
 
c
o
a
l
,
 
o
i
l
,

n
a
t
u
r
a
l
 
g
a
s
,
 
e
l
e
c
t
r
i
c
i
t
y
,
 
e
t
c
.
,
 
u
s
u
a
l
l
y

m
e
a
s
u
r
e
 
e
n
e
r
g
y
 
i
n
 
t
e
r
m
s
 
o
f
 
B
t
u
'
s
 
(
'
3
r
i
t
i
s
h
T
h
e
r
m
a
l
 
U
n
i
t
s
)
.

T
h
e
 
S
t
u
 
w
a
y
 
o
f
 
m
e
a
s
u
r
i
n
g

e
n
e
r
g
y
 
w
a
s
 
f
i
r
s
t
 
d
e
v
e
l
o
p
e
d
 
b
y
 
t
h
e
 
3
r
i
t
i
s
h
.

O
n
e
 
B
t
u
 
i
s
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
h
e
a
t
 
r
e
q
u
i
r
e
d

t
o
 
r
a
i
s
e
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
o
f
 
o
n
e
 
p
o
u
n
d
 
o
f

w
a
t
e
r
 
o
n
e
 
d
e
g
r
e
e
 
F
a
h
r
e
n
h
e
i
t
.

O
n
e
 
B
t
u
 
i
s

e
o
u
a
l
 
t
o
 
2
5
2
 
s
m
a
l
l
 
c
a
l
o
r
i
e
s
.

A
i
r
 
c
o
n
d
i
t
i
o
n
e
r
s
 
a
n
d
 
f
u
r
n
a
c
e
s

a
r
e
 
u
s
u
a
l
l
y
 
r
a
t
e
d
 
o
n
 
t
h
e
i
r

B
t
u
 
c
a
p
a
c
i
t
y
.

T
o
d
a
y
 
a
b
o
u
t
 
o
n
e
-
f
o
u
r
t
h
 
o
f
 
t
h
e

e
n
e
r
g
y
 
b
e
i
n
g
 
u
s
e
d
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
i
s
 
i
n
 
t
h
e
 
f
o
r
m

o
f
.
e
l
e
c
t
r
i
c
i
t
y
.

E
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
i
s
 
m
e
a
s
u
r
e
d
 
i
n
 
k
i
l
o
w
a
t
t
-
h
o
u
r
.

I
f
 
y
o
u
 
r
e
a
d
 
t
h
e
 
m
e
t
e
r

m
e
a
s
u
r
i
n
g
 
t
h
e
 
e
l
e
c
t
r
i
c
i
t
y
 
c
o
m
i
n
g
 
i
n
t
o

y
o
u
r
 
h
o
m
e
,
 
t
h
e
 
r
e
a
d
i
n
g
 
w
i
l
l
 
b
e
 
i
n
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
.

O
n
e
 
k
i
l
o
w
a
t
t
-
h
o
u
r
 
i
s
 
e
q
u
a
l

t
o
 
3
,
4
1
3

t
W
s
 
o
r
 
8
6
0
,
0
0
0
 
s
m
a
l
l

c
a
l
o
r
i
e
s
.

T
h
e
 
w
o
r
d
 
k
i
l
o
w
a
t
t
-
h
o
u
r
 
c
a
n
-
b
e
 
d
i
v
i
d
e
d
.
.

K
i
l
o
 
m
e
a
n
s
 
1
,
0
0
0
 
a
 
w
a
t
t
 
i
s

a
 
u
n
i
t
 
o
f
 
p
o
w
e
-

o
r
 
r
a
t
e
 
o
f
 
u
s
i
n
g
 
e
n
e
r
g
y
.

E
a
c
h
 
e
l
e
c
t
r
i
c
a
l
 
a
p
p
l
i
a
n
c
e
 
h
a
s
 
t
h
e
w
a
t
t
s
 
r
e
q
u
i
r
e
d
 
t
o
 
p
o
w
e
r

i
t
 
p
r
i
n
t
e
d
 
o
n
 
i
t
.

O
n
e
 
k
i
l
o
w
a
t
t
-
h
o
u
r
 
m
e
a
n
s
 
u
s
i
n
g
o
n
e
 
t
h
o
u
s
a
n
d
 
w
a
t
t
s
 
f
o
r
 
o
n
e
 
h
o
u
r
 
o
f

t
i
m
e
.

A
 
6
0
 
w
a
t
t
 
l
i
g
h
t
 
b
u
l
b
 
t
h
a
t
 
i
s

o
n
 
f
o
r
 
1
2
 
h
o
u
r
s
 
w
o
u
l
d
 
u
s
e
 
6
0
 
X
 
1
2
 
o
r
 
7
2
0
 
w
a
t
t
-
h
o
u
r
s

o
r
 
0
.
7
2
0
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
 
o
f
 
e
n
e
r
g
y
.

I
t
 
i
s
 
n
o
t
 
i
m
p
o
r
t
a
n
t
 
t
h
a
t
 
s
t
u
d
e
n
t
s

k
n
o
w
 
t
h
e
 
d
e
f
i
n
i
t
i
o
n
 
o
f
 
c
a
l
o
r
i
e
s
,
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
,

o
r
 
B
t
u
'
s
,
 
b
u
t
 
t
h
e
y
 
s
h
o
u
l
d
 
b
e
 
a
w
a
r
e
 
t
h
a
t
 
t
h
e
s
e
a
r
e
 
c
o
m
m
o
n
l
y
 
u
s
e
d
 
u
n
i
t
s
 
f
o
r
 
m
e
a
s
u
r
i
n
g

e
n
e
r
g
y
.

H
a
v
e
 
s
t
u
d
e
n
t
s
 
s
e
e
 
i
f
 
t
h
e
y

c
a
n
 
f
i
n
d
 
n
e
w
 
a
r
t
i
c
l
e
s
,
 
m
a
g
a
z
i
n
e
 
a
r
t
i
c
l
e
s
,
 
s
t
o
r
i
e
s
,

o
r
 
o
t
h
e
r
 
s
a
m
p
l
e
s
 
o
f
 
i
n
f
o
r
m
a
t
i
o
n
 
w
h
e
r
e
 
t
h
e

t
e
r
m
s
 
B
t
u
'
s
,
 
k
i
l
o
w
a
t
t
-
h
o
u
r
s
,
 
o
r
 
c
a
l
o
r
i
e
s

a
r
e
 
u
s
e
d
.



T
O
P
I
C
 
I
I
:

H
O
W
 
E
N
E
R
G
Y
 
A
F
F
E
C
T
S
 
O
U
R
 
L
I
V
E
S

4

2
.
0

I
n
t
r
o
d
u
c
t
i
o
n

2
.
1

E
n
e
r
g
y
 
U
s
e
d

B
y
 
r
u
r
 
B
o
d
i
e
s

2
.
0

T
h
e
 
a
c
t
i
v
i
t
i
e
s
 
i
n
 
t
h
i
s
 
t
o
p
i
c
 
a
r
e
 
i
n
t
e
n
d
e
d
 
t
o
 
i
n
c
r
e
a
s
e
 
a
w
a
r
e
n
e
s
s
 
o
f
 
t
h
e
 
m
a
n
y
 
w
a
y
s

o
u
r

l
i
v
e
s
 
a
r
e
 
a
f
f
e
c
t
e
d
 
b
y
 
t
h
e
 
u
s
e
 
o
f
 
e
n
e
r
g
y
.

T
h
e
 
s
u
p
p
l
y
 
o
f
 
e
n
e
r
g
y
 
a
v
a
i
l
a
b
l
e
 
t
o
 
A
m
e
r
4
z
a
n
s
 
i
n
 
t
h
e
 
p
a
s
t
 
h
a
s
 
b
e
e
n
 
n
e
a
r
l
y
 
l
i
m
i
t
l
e
s
s
.

T
h
i
s
 
a
b
u
n
d
a
n
c
e
 
o
f
e
a
s
y
 
t
o
 
g
e
t
 
e
n
e
r
g
y
 
h
a
s
 
c
a
u
s
e
d
 
u
s
 
t
o
 
b
e
 
w
a
s
t
e
f
u
l
 
w
i
t
h
 
o
u
r

e
n
e
r
g
y

r
e
s
o
u
r
c
e
s
.

J
u
s
t
 
l
i
k
e
 
a
i
r
,
 
e
n
e
r
g
y
 
h
a
s
 
a
l
w
a
y
s
 
b
e
e
n
 
a
v
a
i
l
a
b
l
e
.

N
o
t
 
u
n
t
i
l
 
t
h
e
 
a
i
r

b
e
c
a
m
e
 
p
o
l
l
u
t
e
d
 
e
n
o
u
g
h
 
t
o
 
c
a
u
s
e
 
s
i
c
k
n
e
s
s
 
d
i
d
 
p
e
o
p
l
e
 
g
e
t
 
c
o
n
c
e
r
n
e
d
 
a
b
o
u
t
 
o
u
r
 
a
i
r
 
s
u
p
p
l
y
.

N
o
 
t
h
a
t
 
o
u
r
 
d
e
c
r
e
a
s
i
n
g
 
e
n
e
r
g
y
 
s
u
p
p
l
y
 
i
s
 
c
a
u
s
i
n
g
 
l
i
m
i
t
s
 
o
n
 
o
u
r
 
l
i
v
e
s
,
 
w
e
 
a
r
e
 
s
h
o
w
i
n
g

i
n
t
e
r
e
s
t
 
t
h
a
t
 
o
u
r
 
d
e
c
r
e
a
s
i
n
g
 
e
n
e
r
g
y
 
s
u
p
p
l
y
 
i
s
 
c
a
u
s
i
n
g
 
l
i
m
i
t
s
 
o
n
 
o
u
r
 
l
i
v
e
s
,

w
e
 
a
r
e

s
h
o
w
i
n
g
 
i
n
t
e
r
e
s
t
 
i
n
 
t
h
e
 
w
a
y
s
 
e
n
e
r
g
y
 
a
f
f
e
c
t
s
 
o
u
r
 
l
i
v
e
s
.

P
e
o
p
l
e
 
a
r
e
 
s
h
o
w
i
n
g
 
i
n
t
e
r
e
s
t

b
y
 
e
x
p
r
e
s
s
i
n
g
 
u
n
h
a
p
p
i
n
e
s
s
 
t
o
w
a
r
d
 
t
h
e
 
e
n
e
r
g
y
 
i
n
d
u
s
t
r
y
 
a
n
d
 
p
o
l
i
t
i
c
a
l
 
s
y
s
t
e
m
 
a
n
d
 
m
a
n
y
 
p
e
o
p
l
e

a
r
e
 
t
r
y
i
n
g
 
t
o
 
l
e
a
r
n
 
h
o
w
 
t
h
e
y
 
c
a
n
 
c
a
r
r
y
 
o
n
.
a
 
m
e
a
n
i
n
g
f
u
l
 
l
i
f
e
 
w
i
t
h
 
l
e
s
s
 
e
n
e
r
g
y
.

2
.
1

T
h
e
 
p
u
r
p
o
s
e
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
i
s
 
t
o
 
g
e
t
 
s
t
u
d
e
n
t
s
 
t
o
 
r
e
a
l
i
z
e
 
t
h
e
i
r
 
b
o
d
i
e
s
 
a
r
e
 
c
o
n
s
u
m
e
r
s

o
f
 
e
n
e
r
g
y
 
a
n
d
 
t
h
a
t
 
e
n
e
r
g
y
 
e
n
t
e
r
s
 
t
h
e
 
b
o
d
y
-
i
n
 
f
o
r
m
 
o
f
 
f
o
o
d
.

O
f
t
e
n
 
e
n
e
r
g
y
 
i
s
 
t
h
o
u
g
h
t
 
o
f
 
a
s
 
l
u
s
t
 
t
h
e
 
g
a
s
o
l
i
n
e
,
 
n
a
t
u
r
a
l
 
g
a
s
,
 
o
r
 
e
l
e
c
t
r
i
c
i
t
y

w
e
 
b
u
y
.

r
o
w
e
v
e
r

t
h
e
 
f
o
o
d
 
w
e
 
b
u
y
 
c
o
n
t
a
i
n
s
 
t
h
e
 
e
n
e
r
g
y
 
n
e
e
d
e
d
 
b
y
 
o
u
r
 
b
o
d
i
e
s
 
i
n
 
o
r
d
e
r
 
t
o
 
k
e
e
p

u
s
 
a
l
i
v
e
,
 
m
o
v
i
n
g
,
 
t
h
i
n
k
i
n
g
,
 
a
n
d
 
o
p
e
r
a
t
i
n
g
.

W
i
t
h
o
u
t
 
t
h
i
s
 
e
n
e
r
g
y
 
o
u
r
 
b
o
d
i
e
s
 
w
o
u
l
d
 
n
o
t

w
o
r
k
,
 
j
u
s
t
 
l
i
k
e
 
a
 
l
i
g
h
t
 
b
u
l
b
 
w
o
u
l

n
o
t
 
w
o
r
k
 
i
f
 
i
t
s
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
w
a
s

t
u
r
n
e
d
 
o
f
f
.

M
o
s
t
 
s
t
u
d
e
n
t
s
 
a
r
e
 
a
w
a
r
e
 
t
h
a
t
 
t
h
e
i
r
 
b
o
d
y
 
n
e
e
d
s
 
f
O
o
d
 
a
n
d
 
t
h
a
t
 
t
h
i
s
 
f
o
o
d
 
k
e
e
p
s
 
t
h
e
m

g
o
i
n
g
.

T
h
e
 
i
m
p
o
r
t
a
n
t
 
t
h
i
n
g
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
d
o
 
d
u
r
i
n
g
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
i
s
 
t
o
 
r
e
l
a
t
e

b
o
d
y
 
a
c
t
i
v
i
t
i
e
s
 
w
i
t
h
 
t
h
e
 
c
o
n
c
e
p
t
 
o
f
 
e
n
e
r
g
y
 
u
s
a
g
e
.

'
l
o
s
t
 
s
t
u
d
e
n
t
s
 
c
a
n
 
d
o
 
t
h
i
s
 
t
h
r
o
u
g
h

a
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n
.

H
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
d
i
s
c
u
s
s
 
w
a
y
s
 
t
h
e
i
r
 
b
o
d
y
 
u
s
e
s
 
t
h
e
 
e
n
e
r
g
y
 
i
n

f
o
o
d
,
 
w
h
i
c
h
 
f
o
o
d
s
 
c
o
n
t
a
i
n
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
,
 
a
n
d
 
w
h
a
t
 
t
y
p
e
 
o
f
 
b
o
d
y
 
a
c
t
i
v
i
t
i
e
s
 
t
h
e
y

t
h
i
n
k
 
u
s
e
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
.

S
o
m
e
 
s
p
e
c
i
f
i
c
 
t
o
p
i
c
s
 
t
h
a
t
 
c
a
n
 
b
e
 
u
s
e
d
 
a
r
e
:

(
1
)
 
h
o
w
 
t
h
e

b
o
d
y
 
k
e
e
p
s
 
w
a
r
m
 
a
n
d
 
c
o
o
l
,
 
(
2
)
 
w
h
a
t
 
d
o
 
y
o
u
r
 
m
u
s
c
l
e
s
 
f
e
e
l
 
l
i
k
e
 
w
h
e
n
 
y
o
u
 
f
o
r
c
e
 
t
h
e
m
 
t
o

u
s
e
 
e
n
e
r
g
y
 
f
a
s
t
e
r
 
t
h
a
n
 
i
t
 
i
s
 
b
e
i
n
g
 
s
u
p
p
l
i
e
d
?

(
3
)
 
h
o
w
 
d
o
e
s
 
y
o
u
r
 
b
o
d
y
 
g
e
t
 
t
h
e
 
e
n
e
r
g
y

c
h
a
n
g
e
d
 
f
r
o
m
 
f
o
o
d
 
i
n
t
o
 
m
u
s
c
l
e
 
p
o
w
e
r
?

a
n
d
 
(
4
)
 
w
h
o
 
r
e
q
u
i
r
e
s
 
m
o
r
e
 
e
n
e
r
g
y
 
y
o
u
n
g
 
o
r
 
o
l
d
e
r

p
e
o
p
l
e
,
 
b
o
y
s
 
o
r
 
g
i
r
l
s
?

S
o
m
e
 
c
l
a
s
s
e
s
 
m
a
y
 
g
a
i
n
 
a
 
b
e
t
t
e
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
o
u
r
 
b
o
d
i
e
s
 
u
s
e
 
o
f
 
e
n
e
r
g
y
 
b
y
 
d
o
i
n
g

i
n
d
i
v
i
d
u
a
l
 
o
r
 
s
m
a
l
l
 
g
r
o
u
p
 
r
e
s
e
a
r
c
h
 
o
r
 
o
n
e
 
o
r
 
m
o
r
e
 
o
f
 
t
h
e
 
a
b
o
v
e
 
q
u
e
s
t
i
o
n
s
.



2
.
2

2
.
2

H
o
m
e
 
U
s
e
 
O
f

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
i
n
d
i
c
a
t
e

(
1
)
 
t
y
p
e
s
 
o
f
 
e
n
e
r
g
y

5

E
n
e
r
g
y

s
o
u
r
c
e
s
 
c
o
m
i
n
g
 
i
n
t
o
 
t
h
e
i
r
 
h
o
m
e
s
,
 
(
2
)
 
t
w
e
n
t
y
 
w
a
y
s
 
e
n
e
r
g
y
 
i
s

u
s
e
d
 
i
n
 
t
h
e
 
h
o
m
e
,
 
(
3
)
 
w
h
i
c
h

u
s
e
s
 
c
o
n
s
u
m
e
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
 
i
n
 
t
h
e
 
h
o
m
e
,
 
(
4
)
 
w
h
i
c
h
 
u
s
e
s
 
a
r
e
 
m
o
s
t
 
n
e
c
e
s
s
a
r
y
,

(
4
)
 
f
o
r
m
s

o
f
 
e
n
e
r
g
y
 
w
h
e
n
 
b
e
i
n
g
 
a
c
t
u
a
l
l
y
 
u
s
e
d
,
 
a
n
d
 
(
5
)
 
b
e
n
e
f
i
t
s
 
t
h
e
y
 
g
a
i
n
 
f
r
o
m
 
t
h
i
s
 
h
o
m
e
 
u
s
e

o
f

e
n
e
r
g
y
.

2
.
3

G
r
a
p
h
i
n
g
 
F
l
a
m
e

E
n
e
r
g
y
 
U
s
e

2
.
4

R
e
c
r
e
a
t
i
o
n
a
l
 
U
s
e

O
f
 
E
n
e
r
g
y

A
 
l
a
r
g
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
i
s
 
u
s
e
d
 
i
n
 
o
u
r
 
h
o
m
e
s
 
t
o
 
r
a
k
e
 
u
s
 
m
o
r
e
 
c
o
m
f
o
r
t
a
b
l
e
,

f
o
r

r
e
c
r
e
a
t
i
o
n
,
 
a
n
d
 
t
o
 
m
a
k
e
 
o
u
r
 
w
o
r
k
 
e
a
s
i
e
r
.

T
o
 
i
n
c
r
e
a
s
e
 
s
t
u
d
e
n
t
 
a
w
a
r
e
n
e
s
s
 
o
f
 
h
o
m
e
 
u
s
e
s

o
f
 
e
n
e
r
g
y
 
h
a
v
e
 
e
a
c
h
 
s
t
u
d
e
n
t
 
t
a
k
e
 
h
o
m
e
 
a
n
d
 
c
o
m
p
l
e
t
e
 
t
h
e
 
-
H
o
m
e
 
U
s
e
 
o
f
 
E
n
e
r
g
y
 
C
h
e
c
k

L
i
s
t
'

f
o
u
n
d
 
i
n
 
A
p
p
e
n
d
i
x
 
A
.

S
t
u
d
e
n
t
s
,
 
w
i
t
h
 
t
h
e
i
r
 
p
a
r
e
n
t
s
 
a
s
s
i
s
t
a
n
c
e
 
i
f
 
d
e
s
i
r
e
d
,
 
c
a
n
 
c
o
m
p
l
e
t
e

t
h
e
 
c
h
e
c
k
 
l
i
s
t
.

E
x
p
l
a
i
n
 
t
h
a
t
 
y
o
u
 
d
o
 
n
o
t
 
w
a
n
t
 
n
a
m
e
s
 
o
n
 
t
h
e
 
s
h
e
e
t
.

T
h
i
s
 
s
h
o
u
l
d
 
h
e
l
p

g
e
t
 
a
 
m
o
r
e
 
r
e
a
l
i
s
t
i
c
 
a
n
s
w
e
r
s
 
o
n
 
s
o
m
e
 
o
f
 
t
h
e
 
q
u
e
s
t
i
o
n
s
.

T
o
 
h
e
l
p
 
t
h
e
 
s
t
u
d
e
n
t
s
 
u
n
d
e
r
-

s
t
a
n
d
 
t
h
e
 
s
h
e
e
t
,
 
f
i
l
l
 
o
n
e
 
o
u
t
 
u
s
i
n
g
 
t
h
e
 
s
c
h
o
o
l
 
a
s
 
t
h
e
 
h
o
m
e
 
h
a
v
i
n
g
 
a
l
l
 
s
t
u
d
e
n
t
s
 
w
o
r
k

t
o
g
e
t
h
e
r
.

T
h
i
s
 
w
o
u
l
d
 
b
e
 
a
 
g
o
o
d
 
t
i
m
e
 
t
o
 
h
a
v
e
 
y
o
u
r
 
s
t
u
d
e
n
t
s
 
t
o
u
r
 
t
h
e
 
p
a
r
t
s
 
o
f
 
t
h
e
i
r

s
c
h
o
o
l
 
t
h
a
t
 
t
h
e
y
 
d
o
 
n
o
t
 
n
o
r
m
a
l
l
y
 
v
i
s
i
t
.

T
h
e
 
r
a
n
k
i
n
g
s
 
w
i
l
l
 
v
a
r
y
 
w
i
t
h
 
e
a
c
h
 
p
e
r
s
o
n
s

o
p
i
n
i
o
n
.

R
e
a
s
o
n
s
 
f
o
r
 
r
a
n
k
i
n
g
s
 
c
o
u
l
d
 
l
e
a
d
 
t
o
 
a
 
v
e
r
y
 
i
n
t
e
r
e
s
t
i
n
g
 
a
n
d
 
w
o
r
t
h
w
h
i
l
e
 
d
i
s
-

c
u
s
s
i
o
n
 
a
f
t
e
r
 
t
h
e
 
c
h
e
c
k
 
l
i
s
t
 
i
s
 
c
o
m
p
l
e
t
e
d
.

A
f
t
e
r
 
t
h
e
 
c
h
e
c
k
 
l
i
s
t
s
 
a
r
e
 
c
o
m
p
l
e
t
e
d
 
u
s
e
 
t
h
e
m
 
t
o
 
d
i
s
c
u
s
s
 
t
h
e
 
f
o
l
l
o
w
i
n
g
:

(
1
)
 
H
o
w
 
i
s

e
n
e
r
g
y
 
u
s
e
d
-
A
n
 
o
u
r
 
h
o
m
e
s
?

(
2
)
 
I
n
.
w
h
a
t
 
f
o
r
m
(
s
)
 
i
s
 
e
n
e
r
g
y
 
e
n
t
e
r
i
n
g
 
y
o
u
r
 
h
o
m
e
?

(
3
)
 
W
h
a
t

f
O
r
m
s
 
i
s
 
t
h
e
 
e
n
e
r
g
y
 
c
h
a
n
g
e
d
 
i
n
t
o
 
w
i
t
h
i
n
 
t
h
e
 
h
o
m
e
?

(
4
)
 
W
h
a
t
 
u
s
e
s
 
i
n
 
t
h
e
 
h
o
m
e
 
c
o
n
s
u
m
e

t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
?

(
5
)
 
H
o
w
 
d
o
e
s
 
t
h
e
 
h
o
m
e
 
u
s
e
s
 
o
f
 
e
n
e
r
g
y
 
b
e
n
e
f
i
t
 
u
s
?

a
n
d
 
(
6
)
 
P
h
i
c
h
 
o
f

t
h
e
s
e
 
u
s
e
s
 
c
o
u
l
d
 
w
e
 
d
o
 
w
i
t
h
o
u
t
?

2
.
3

A
p
p
e
n
d
i
x
 
B
 
c
o
n
t
a
i
n
s
 
a
 
H
o
m
e
 
r
n
e
r
g
y
 
U
s
a
g
e
 
g
r
a
p
h
 
i
l
l
u
s
t
r
a
t
i
n
g
 
t
h
e
 
a
v
e
r
a
g
e
 
p
e
r
c
e
n
t
a
g
e
s

o
f
 
e
n
e
r
g
y
 
u
s
e
d
 
f
o
r
 
v
a
r
i
o
u
s
 
p
u
r
p
o
s
e
s
.

T
h
i
s
 
w
i
l
l
 
r
e
i
n
f
o
r
c
e
 
t
h
e
 
d
i
s
c
u
s
s
i
o
n
 
a
t
 
t
h
e
 
e
n
d

o
f
 
A
c
t
i
v
i
t
y
 
2
.
2
.

G
i
v
e
.
s
p
e
c
i
a
l
 
e
m
p
h
a
s
i
s
 
t
o
 
t
h
e
 
l
a
r
g
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
u
s
e
d
 
f
o
r
 
h
e
a
t
i
n
g
.

P
o
i
n
t
 
o
u
t
 
t
h
i
s
 
w
i
l
l
 
v
a
r
y
 
s
o
m
e
 
f
r
o
m
 
h
o
n
e
 
t
o
 
h
o
m
e
,
 
b
u
t
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
a
v
e
r
a
g
e
 
h
o
m
e
 
i
n

t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
.
S
.

2
.
4

I
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
r
e
c
r
e
a
t
i
o
n
 
h
a
s
 
b
e
c
o
m
e
 
a
 
l
a
r
g
e
 
i
n
d
u
s
t
r
y
 
c
o
n
s
u
m
i
n
g
 
e
n
e
r
g
y
 
j
u
s
t

l
i
k
e
 
o
t
h
e
r
 
a
c
t
i
v
i
t
i
e
s
.

A
t
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e

t
e
n
 
t
y
p
e
s
 
o
f
 
r
e
c
r
e
a
t
i
o
n
 
a
n
d
 
d
e
s
c
r
i
b
e
 
t
h
e
 
f
o
r
m
(
s
)
 
o
f
 
e
n
e
r
g
y
 
i
t
 
r
e
q
u
i
r
e
s
.

S
t
u
d
e
n
t

a
w
a
r
e
n
e
s
s
 
o
f
 
r
e
c
r
e
a
t
i
o
n
s
 
u
s
e
 
o
f
 
e
n
e
r
g
y
 
c
a
n
 
b
e
 
i
n
c
r
e
a
s
e
d
 
b
y
 
h
a
v
i
n
g
 
s
t
u
d
e
n
t
s

c
o
m
p
i
l
e

a
 
l
i
s
t
 
o
f
 
r
e
c
r
e
a
t
i
o
n
a
l
 
a
c
t
i
v
i
t
i
e
s
 
i
n
c
l
u
d
i
n
g
 
t
h
e
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
n
e
e
d
e
d
 
f
o
r
 
t
h
e

a
c
t
i
v
i
t
y
.

F
o
r
 
e
x
a
m
p
l
e
 
d
 
B
a
s
k
e
t
b
a
l
l
 
-
 
b
o
d
y
 
e
n
e
r
g
y
 
o
f
 
p
l
a
y
e
r
s
,
 
l
i
g
h
t
 
e
n
e
r
g
y
 
f
o
r
 
i
l
l
u
m
i
n
a
t
i
n
g
 
t
h
e

b
u
i
l
d
i
n
g
,
 
h
e
a
t
 
e
n
e
r
g
y
 
t
o
 
w
a
r
m
 
t
h
e
 
b
u
i
l
d
i
n
g
s
 
o
r
 
s
a
i
l
i
n
g
 
-
 
w
i
n
d
 
e
n
e
r
g
y
 
t
o
 
m
o
v
e
 
t
h
e
 
b
o
a
t
,

c
h
e
m
i
c
a
l
 
e
n
e
r
g
y
 
i
n
 
g
a
s
o
l
i
n
e
 
f
o
r
 
t
r
a
v
e
l
i
n
g
 
t
o
 
t
h
e
 
l
a
k
e
,
 
a
n
d
 
b
o
d
y
 
e
n
e
r
g
y
 
t
o
 
g
u
i
d
e
 
t
h
e

b
o
a
t
.



2
.
4

A
f
t
e
r
 
t
h
e
 
s
t
u
d
e
n
t
s
 
h
a
v
e
 
c
o
m
p
i
l
e
d
 
t
h
e
 
l
i
s
t
 
o
f
 
r
e
c
r
e
a
t
i
o
n
a
l
 
a
c
t
i
v
i
t
i
e
s
 
a
n
d
 
f
o
r
m
s
 
o
f

e
n
e
r
g
y
 
e
a
c
h
 
u
s
e
s
,
 
h
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
p
l
a
c
e
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
 
i
n
 
e
n
e
r
g
y
 
g
r
o
u
p
s
;
 
s
u
c
h
 
a
s
,

G
r
o
u
p
 
I
 
u
s
e
s
 
m
o
s
t
l
y
 
b
o
d
y
 
e
n
e
r
g
y
,
 
G
r
o
u
p
 
I
I
 
u
s
e
s
 
m
o
s
t
l
y
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
,
 
G
r
o
u
p
 
I
I
I

u
s
e
s
 
m
o
s
t
l
y
 
c
h
e
m
i
c
a
l
 
e
n
e
r
g
y
 
(
g
a
s
o
l
i
n
e
)
,
 
G
r
o
u
p
 
I
V
 
u
s
e
s
 
o
t
h
e
r
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
(
w
i
n
d
,

g
r
a
v
i
t
y
,
 
e
t
c
)
.

I
d
e
n
t
i
f
y
 
a
c
t
i
v
i
t
i
e
s
'
r
e
q
u
i
r
i
n
g
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
t
h
a
t
 
a
r
e
 
b
e
c
o
m
i
n
g
 
h
a
r
d

t
o
 
f
i
n
d
 
o
r
 
o
b
t
a
i
n
?

2
.
5

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
b
e
 
a
w
a
r
e
 
t
h
a
t
 
t
h
e
 
h
e
a
t
i
n
g
 
o
f
 
b
u
i
l
d
i
n
g
s
 
u
s
e
d

f
o
r
 
b
u
s
i
n
e
s
s
e
s
-
c
o
n
s
u
m
e
 
a
 
l
a
r
g
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
.

T
h
e
 
m
a
n
y
 
s
t
o
r
e
s
,
 
o
f
f
i
c
e
s
,
 
s
e
r
v
i
c
e
s

s
t
a
t
i
o
n
s
,
 
a
n
d
 
o
t
h
e
r
 
b
u
s
i
n
e
s
s
 
b
u
i
l
d
i
n
g
s
 
c
o
n
s
u
m
e
 
a
 
g
o
o
d
 
s
i
z
e
 
p
o
r
t
i
o
n
 
o
f
 
o
u
r
 
n
a
t
i
o
n
'
s

e
n
e
r
g
y
.

T
h
e
i
r
 
n
e
e
d
s
 
i
n
 
m
a
n
y
 
c
a
s
e
s
 
a
r
e
 
s
i
m
i
l
a
r
 
t
o
 
h
o
m
e
 
n
e
e
d
s
 
s
u
c
h
 
a
s
 
h
e
a
t
i
n
g
.

O
t
h
e
r

e
n
e
r
g
y
 
n
e
e
d
s
 
t
h
e
y
 
h
a
v
e
 
M
i
g
h
t
 
i
n
c
l
u
d
e
 
c
o
m
p
u
t
e
r
 
o
p
e
r
a
t
i
n
g
,
 
a
d
v
e
r
t
i
s
i
n
g
,
 
a
n
d
 
e
l
e
v
a
t
o
r

o
p
e
r
a
t
4
m
a
.

U
s
e
 
t
h
e
 
b
u
s
i
n
e
s
s
 
e
n
e
r
g
y
 
u
s
a
g
e
 
g
r
a
p
h
 
f
o
u
n
d
 
i
n
 
A
p
p
e
n
d
i
x
 
B
 
t
o
 
i
l
l
u
s
t
r
a
t
e
 
t
h
e
 
m
a
j
o
r
 
w
a
y
s

b
u
s
i
n
e
s
s
 
c
o
n
s
u
m
e
s
-
 
e
n
e
r
g
y
.

P
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
t
h
i
n
k
 
o
f
 
e
n
e
r
g
y
 
c
o
n
s
u
m
i
n
g
 
a
c
t
i
v
i
t
i
e
s
 
o
f

b
u
s
i
n
e
s
s
 
t
h
a
t
 
f
i
t
 
i
n
t
o
-
r
h
e
o
t
h
e
r
"
 
c
a
c
e
a
o
r
y
.

6

2
:
6

l
?
e
a
r
l
y
 
O
n
e
-
h
a
l
f
 
o
f
 
t
h
e
 
e
n
e
r
g
y
 
u
s
e
d
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
i
s
 
c
o
n
s
u
m
e
d
 
b
y
 
i
n
d
u
s
t
r
y
 
i
n

t
h
e
 
p
r
o
c
e
s
s
e
s
 
o
f
 
m
a
k
i
n
g
 
m
a
t
e
r
i
a
l
s
 
a
n
d
 
e
q
u
i
p
m
e
n
t
.

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s

w
i
l
l
 
r
e
a
l
i
z
e
 
i
n
d
u
s
t
r
y
 
i
s
 
t
h
e
 
b
i
g
g
e
s
t
 
c
o
n
s
u
m
e
r
 
o
f
 
e
n
e
r
g
y
,
 
a
 
l
o
t
 
o
f
 
e
n
e
r
g
y
 
i
s
 
c
o
n
s
u
m
e
d

t
o
 
m
a
k
e
 
m
a
t
e
r
i
a
l
s
 
a
n
d
 
e
q
u
i
p
m
e
n
t
,
 
a
n
d
 
o
f
t
e
n
 
i
t
 
t
a
k
e
s
 
m
o
r
e
 
e
n
e
r
g
y
 
t
o
 
m
a
k
e
 
a
n
 
i
t
e
m
 
t
h
a
n

t
h
e
 
i
t
e
m
 
w
i
l
l
 
e
v
e
r
 
u
s
e
 
d
u
r
i
n
g
 
i
t
s
 
o
p
e
r
a
t
i
o
n
.

U
s
e
 
a
u
e
s
t
i
o
n
s
 
t
o
 
d
i
r
e
c
t
 
a
 
d
i
s
c
u
s
s
i
o
n
 
b
r
i
n
g
i
n
g
 
o
u
t
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n

V
e
r
y

f
e
w
 
p
e
o
p
l
e
 
t
h
i
n
k
 
a
b
o
u
t
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
r
e
q
u
i
r
e
d
 
t
o
 
m
a
n
u
f
a
c
t
u
r
e
 
a
n
 
i
t
e
m
,
 
a
n
d

m
o
s
t
 
p
e
o
p
l
e
 
t
h
i
n
k
 
o
n
l
y
 
a
b
o
u
t
 
h
o
w
 
m
u
c
h
 
e
n
e
r
g
y
 
t
h
e
 
i
t
e
m
s
 
u
s
e
s
 
i
n
 
i
t
s
 
d
a
i
l
y
 
a
p
p
l
i
c
a
t
i
o
n
.

F
o
r
 
e
x
a
m
p
l
e
-
a
 
l
o
t
 
o
f
 
e
n
e
r
g
y

r
e
q
u
i
r
e
d
 
b
y
.
 
i
n
d
u
s
t
r
y
 
t
o
 
m
a
k
e
 
a
n
 
e
l
e
c
t
r
i
c
 
k
n
i
f
e
.

T
h
i
n
k
 
a
b
o
u
t
 
a
l
l
 
t
h
e
 
s
t
e
p
s
 
f
r
o
m
 
r
a
w
 
m
a
t
e
r
i
a
l
.
 
t
o
 
t
h
e
 
f
i
n
i
s
h
e
d
 
p
r
o
d
u
c
t
 
t
h
a
t
 
u
s
e
 
e
n
e
r
g
y
.

'
l
o
s
t
 
h
o
m
e
 
a
p
p
l
i
a
n
c
e
s
 
a
r
e
 
m
a
d
e
 
o
f
 
p
l
a
s
t
i
c
,
 
i
r
o
n
,
 
a
n
d
 
a
l
u
m
i
n
u
m
.

E
x
t
r
a
c
t
i
n
g
 
a
l
u
m
i
n
u
m

f
r
o
m
 
i
t
s
 
o
r
e
 
r
e
q
u
i
r
e
s
 
s
e
v
e
n
 
p
e
r
c
e
n
t
 
o
f
 
o
u
r
 
n
a
t
i
o
n
s
 
e
n
e
r
g
y
.

I
r
o
n
 
m
u
s
t
 
b
e
 
e
x
t
r
a
c
t
e
d

f
r
o
m
 
o
r
e
,
 
m
e
l
t
e
d
 
a
n
d
 
s
h
a
p
e
d
.

P
l
a
s
t
i
c
s
 
a
r
e
 
p
r
o
c
e
s
s
e
d
 
f
r
o
m
 
o
i
l
 
a
n
d
 
c
o
a
l
.

E
v
e
r
y
 
s
t
e
p

i
n
 
t
h
e
 
m
a
n
u
f
a
c
t
u
r
i
n
g
 
p
r
o
c
e
s
s
 
c
o
n
s
u
m
e
s
 
e
n
e
r
g
y
.

P
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
d
o
 
r
e
s
e
a
r
c
h
 
o
n
 
t
h
e

s
t
e
p
s
 
i
n
v
o
l
v
e
d
 
i
n
 
g
e
t
t
i
n
g
 
s
o
m
e
t
h
i
n
g
 
f
r
o
m
 
t
h
e
 
n
a
t
u
r
a
l
 
r
e
s
o
u
r
c
e
s
 
t
o
 
t
h
e
 
f
i
n
i
s
h
e
d
 
p
r
o
d
u
c
t
.

S
o
m
e
 
e
x
a
m
p
l
e
s
 
t
h
a
t
 
c
o
u
l
d
 
b
e
 
u
s
e
d
 
a
r
e

m
a
k
i
n
g
 
a
 
c
o
t
t
o
n
 
d
r
e
s
s
,
 
m
a
k
i
n
g
 
n
y
l
o
n
 
s
h
i
r
t
s
,

m
a
i
n
a
 
o
f
 
p
l
a
s
t
i
c
 
t
o
y
s
,
 
m
a
l
t
i
n
g
 
o
f
 
a
 
b
i
c
y
c
l
e
,
 
a
n
d
 
m
a
k
i
n
g
 
o
f
 
s
y
n
t
h
e
t
i
c
 
r
u
b
b
e
r
 
t
i
r
e
s
.



2
.
7

2
.
7

7

E
n
e
r
g
y
 
F
o
r

N
e
a
r
l
y
 
o
n
e
-
f
o
u
r
t
h
 
o
f
 
o
u
r
 
n
a
t
i
o
n
s
 
e
n
e
r
g
y
 
i
s
 
u
s
e
d
 
i
n
 
m
o
v
i
n
g
 
p
e
o
p
l
e
 
a
n
d
 
m
a
t
e
r
i
a
l
s
 
f
r
o
m

T
r
a
n
s
p
o
r
t
a
t
i
o
n

o
n
e
 
l
o
c
a
t
i
o
n
 
t
o
 
a
n
o
t
h
e
r
.

S
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
s
i
x
 
w
a
y
s
 
p
e
o
p
l
e
 
a
n
d
 
m
a
t
e
r
i
a
l

a
r
e
 
t
r
a
n
s
p
o
r
t
e
d
 
a
n
d
 
w
h
i
c
h
 
o
f
 
t
h
e
s
e
 
w
a
y
s
 
a
r
e
 
m
o
s
t
 
e
f
f
i
c
i
e
n
t
.

A
s
 
s
t
u
d
e
n
t
 
n
a
m
e
 
m
e
a
n
s
 
o
f
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
,
 
l
i
s
t
 
t
h
e
m
 
o
n
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
.

T
h
e
 
l
i
s
t
 
m
i
g
h
t

i
n
c
l
u
d
e
!

B
u
s
e
s
,
 
t
r
a
i
n
s
,
 
a
n
i
m
a
l
s
,
 
c
a
r
s
,
 
b
o
a
t
s
,
 
t
r
u
c
k
s
,
 
a
i
r
p
l
a
n
e
s
,
 
w
a
l
k
i
n
g
,
 
b
i
c
y
c
l
e
s
,

a
n
d
 
m
o
t
o
r
c
y
c
l
e
s
.

A
s
k
 
w
h
i
c
h
 
m
e
a
n
s
 
o
f
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
 
c
a
n
 
m
o
v
e
 
t
h
e
 
m
o
s
t
 
m
a
t
e
r
i
a
l
 
u
s
i
n
7
,
 
t
h
e
 
l
e
a
s
t
 
e
n
e
r
g
y
?

(
T
r
a
i
n
s
)

W
h
i
c
h
 
c
a
n
 
m
o
v
e
 
t
h
e
 
m
o
s
t
 
p
e
o
p
l
e
 
f
o
r
 
t
h
e
 
l
e
a
s
t
 
e
n
e
r
g
y
?

(
B
u
s
e
s
)

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
t
a
 
w
i
l
l
 
h
e
l
p
 
e
x
p
l
a
i
n
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
r
e
q
u
i
r
e
d
 
f
o
r
 
m
o
v
i
n
g
 
p
e
o
p
l
e

b
y
 
0
1
7
f
e
r
e
n
i
.
 
.
:
e
a
u
s
.
 
I
n
f
o
r
m
a
t
i
o
n
 
i
s
 
t
a
k
e
n
 
f
r
o
m
 
m
a
t
e
r
i
a
l
 
s
u
p
p
l
i
e
d
 
b
y
 
t
h
e
 
O
a
k

N
a
t
i
o
n
a
l
 
L
a
b
o
r
a
t
o
r
y
.

A
m
o
u
n
t
 
O
f
 
E
n
e
r
g
y
 
U
s
e
d
 
T
o
 
T
r
a
n
s
p
o
r
t
 
P
e
o
p
l
e

e
t
h
o
d
 
o
f
 
T
r
a
n
s
p
o
r
t
a
t
i
o
n

'
:
e
t
h
o
d
 
o
f
 
T
r
a
n
s
p
o
r
t
a
t
i
o
n

B
u
s
e
s

B
t
u
'
s
 
o
f
 
E
n
e
r
g
y
 
C
o
n
s
u
m
e
d

B
t
u
'
s
 
o
f
 
E
n
e
r
g
y
 
C
o
n
s
u
m
e
d

t
o
 
7
A
)
v
e
 
1
 
P
a
s
s
e
n
g
e
r
 
1
 
T
i
l
e

t
o
 
N
o
v
e
 
1
 
P
a
s
s
e
n
g
e
r
 
1

T
3
e
t
w
e
e
n
 
C
i
t
i
e
s

i
n
 
a
 
C
i
t
y

1
6
0
0

3
7
0
0

T
r
a
i
n
s

9
9
0
0

C
a
r
s

3
4
0
0

'
.
1
.
0
0

A
i
r
p
l
a
n
e
s

3
4
0
0

-

B
i
c
y
c
l
e

-
2
0
0

W
a
l
k
i
n
g

-
3
0
0

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
t
a
 
w
i
l
l
 
h
e
l
p
 
i
n
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e
 
e
n
e
r
g
y
 
u
s
e
d
 
i
n
 
m
o
v
i
n
g
 
f
r
e
i
g
h
t
.

A
m
o
u
n
t
 
O
f
.
 
E
n
e
r
g
y
 
U
s
e
d
 
T
o
 
T
r
a
n
s
p
o
r
t
 
F
r
e
i
g
h
t

7
.
e
t
h
o
d
 
o
f
 
T
r
a
n
s
p
o
r
t
a
t
i
o
n

B
t
u
'
s
 
R
e
q
u
i
r
e
d
 
t
o
 
M
o
v
e
 
I
 
T
o
n
 
1
 
M
i
l
e

P
i
p
e
l
i
n
e

4
5
0

R
a
i
l
r
o
a
d

6
7
0

W
a
t
e
r
w
a
y

6
?
0

T
r
u
c
k

3
,
f
3
0
0

A
i
r
p
l
a
n
e

4
2
,
0
0
0



2
.
3

2
.
8

D
i
s
t
r
i
b
u
t
i
o
n
 
O
f

T
h
e
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
 
e
n
e
r
g
y
 
u
s
a
g
e
 
g
r
a
p
h
,
 
A
p
p
e
n
d
i
x
B
,
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e
 
m
a
j
o
r

w
a
y
s
 
e
n
e
r
g
y

e
n
e
r
g
y
 
U
s
e
d
 
I
n

i
s
 
u
s
e
d
 
i
n
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
.

C
o
m
b
i
n
i
n
g
 
t
h
i
s
 
g
r
a
p
h
 
w
i
t
h
 
t
h
e
 
d
a
t
a
 
i
n
 
2
.
7

s
h
o
u
l
d
 
d
e
v
e
l
o
p

T
r
a
n
s
p
o
r
t
a
t
i
o
n

m
e
a
n
i
n
g
f
u
l
 
s
t
u
d
e
n
t
 
d
i
s
c
u
s
s
i
o
n
.

A
f
t
e
r
 
o
b
s
e
r
v
i
n
g
 
a
n
d
 
d
i
s
c
u
s
s
i
n
g
 
t
h
i
s
 
g
r
a
p
h

s
t
u
d
e
n
t
s

s
h
o
u
l
d
 
r
e
a
l
i
z
e
 
t
h
a
t
 
o
u
r
 
g
r
e
a
t
e
s
t

a
m
o
u
n
t
 
o
f
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
 
e
n
e
r
g
y
 
i
s
 
u
s
e
d
 
f
o
r
 
m
o
v
i
n
g

p
e
o
p
l
e
.

2
.
9

2
.
9

H
o
w
 
T
h
e
 
U
n
i
t
e
d

A
f
t
e
r
 
v
i
e
w
i
n
g
 
t
h
e
 
g
r
a
p
h
 
i
l
l
u
s
t
r
a
t
i
n
g

t
h
e
 
w
a
y
s
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
u
s
e
s
 
i
t
s

e
n
e
r
g
y
,

S
t
a
t
e
s
 
U
s
e
s

A
p
p
e
n
d
i
x
 
B
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e

t
o
 
n
a
m
e
 
t
h
e
 
f
o
u
r
 
m
a
j
o
r
 
c
a
t
a
g
o
r
i
e
s
 
o
f

e
n
e
r
g
y
 
u
s
a
g
e

E
n
e
r
g
y

a
n
d
 
r
a
n
k
 
t
h
e
n
 
a
c
c
o
r
d
i
n
g
 
t
o
 
t
h
e
i
r

a
m
o
u
n
t
 
u
s
e
d
.

T
h
i
s
 
g
r
a
p
h
:
c
a
n
-
b
e
 
u
s
e
d
 
t
o
 
s
u
m
m
a
r
i
z
e

t
h
e
 
f
o
u
r
 
p
r
e
v
i
o
u
s
 
e
n
e
r
g
y
 
u
s
a
g
e
 
g
r
a
p
h
s
.

B
e
 
s
u
r
e

t
o
 
b
r
i
n
g
 
o
u
t
 
t
h
a
t
 
t
h
e
s
e
 
g
r
a
p
h
s
 
d
i
d
 
n
o
t
 
i
n
c
l
u
d
e

t
h
e
 
e
n
e
r
g
y
 
u
s
e
d
 
b
y
 
o
u
r
 
b
o
d
i
e
s
.

8



T
O
P
I
C
 
I
I
I
:

S
O
U
R
C
E
 
O
F
 
E
N
E
R
G
Y

9

3
.
0

I
n
t
r
o
d
u
c
t
i
o
n

3
.
1

B
o
d
y
 
E
n
e
r
g
y

3
.
0

B
y
 
t
h
e
 
t
i
m
e
 
w
e
 
u
s
e
 
e
n
e
r
g
y
 
i
t
 
h
a
s
 
u
s
u
a
l
l
y
 
b
e
e
n

c
h
a
n
g
e
d
 
f
r
o
m
 
i
t
s
 
o
r
i
g
i
n
a
l
 
f
o
r
m
-
 
-
f
o
r

i
n
s
t
a
n
c
e
 
c
o
a
l
 
i
n
t
o
 
e
l
e
c
t
r
i
c
i
t
y
.

T
h
e
 
i
n
t
e
n
t
 
o
f
 
t
h
i
s
 
t
o
p
i
c
 
i
s
 
t
o
 
i
n
c
r
e
a
s
e

a
w
a
r
e
n
e
s
s

o
f
 
o
u
r
 
s
o
u
r
c
e
s
 
o
f
 
e
n
e
r
g
y
 
a
n
d
 
t
h
e
 
r
e
l
a
t
i
v
e
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
w
e
 
o
b
t
a
i
n
 
f
r
o
m
 
e
a
c
h

s
o
u
r
c
e
.

3
1

T
h
e
 
e
n
e
r
g
y
 
t
h
a
t
 
k
e
e
p
s
 
e
a
c
h
 
o
f
o
u
r
 
b
o
d
i
e
s
 
o
p
e
r
a
t
i
n
g
 
c
o
m
e
s
 
f
r
o
m
 
t
h
e
 
f
o
o
d
 
w
e
 
e
a
t
.

H
o
w

d
o
e
s
 
i
t
 
p
e
t
 
t
h
e
r
e
?

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
r
e
a
l
i
z
e
 
a
l
l
 
e
n
e
r
g
y

u
s
e
d
 
i
n
 
t
h
e
i
r
 
b
o
d
y
 
o
r
i
g
i
n
a
l
l
y
c
o
m
e
s
 
f
r
o
m
 
t
h
e
 
s
u
n
,
 
a
n
d
 
t
h
a
t
 
t
h
i
s
 
e
n
e
r
g
y
 
g
e
t
s
 
t
o

u
s
 
f
r
o
m

p
l
a
n
t
s
 
a
n
d
 
a
n
i
m
a
l
s
 
w
e
 
e
a
t
.

I
f
 
s
t
u
d
e
n
t
s
 
h
a
v
e
 
w
o
r
k
e
d
 
w
i
t
h
 
f
o
o
d

c
h
a
i
n
s
,
 
a
 
s
h
o
r
t
 
r
e
v
i
e
w
 
o
f
 
f
o
o
d
 
c
h
a
i
n
s
 
a
n
d

e
n
e
r
g
y

p
a
t
h
s
 
w
i
l
l
 
h
e
l
p
 
r
e
m
i
n
d
 
t
h
e
m
 
o
f
 
h
o
w

e
n
e
r
g
y
 
g
e
t
s
 
f
r
o
m
 
t
h
e
 
s
u
n
 
t
o
 
u
s
.

S
t
u
d
e
n
t
s
 
c
a
n
 
g
a
i
n

a
 
b
a
s
i
c
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
b
o
w
 
t
h
e
i
r
 
b
o
d
y
 
g
e
t
s
 
i
t
s
e
n
e
r
g
y
 
b
y
 
f
o
l
l
o
w
i
n
g
 
t
h
e
 
s
a
m
p
l
e
 
e
n
e
r
g
y

o
a
t
h
 
i
l
l
u
s
t
r
a
t
e
d
 
i
n
 
A
p
p
e
n
d
i
x
 
A
.

I
n
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e
 
e
n
e
r
g
y
 
p
a
t
h
 
i
l
l
u
s
t
r
a
t
i
o
n
,

e
m
p
h
a
s
i
z
e
:

(
1
)
 
o
n
l
y
 
t
h
e
 
g
r
e
e
n
 
p
l
a
n
t
 
h
a
s
 
t
h
e
a
b
i
l
i
t
y
 
t
o
 
c
o
m
b
i
n
e
 
m
i
n
e
r
a
l
s
 
f
r
o
m
 
t
h
e
 
s
o
i
l
,

w
a
t
e
r

f
r
o
m
 
t
h
e
 
s
o
i
l
,
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
f
r
o
m

t
h
e
 
a
i
r
,
 
a
n
d
 
l
i
g
h
t
 
e
n
e
r
g
y
 
f
r
o
m
 
t
h
e

s
u
n
 
i
n
t
o
 
w
h
a
t

w
e
 
c
a
l
l
 
f
o
o
d
 
(
a
 
p
r
o
c
e
s
s
 
c
a
l
l
e
d
 
p
h
o
t
o
s
y
n
t
h
e
s
i
s
)
!
 
(
2
)
 
f
o
o
d

i
s
 
m
a
t
t
e
r
 
a
n
d
 
e
n
e
r
g
y
 
c
o
m
b
i
n
e
d

t
h
a
t
 
w
h
e
n
 
e
a
t
e
n
 
b
y
 
a
n
i
m
a
l
s
 
r
e
l
e
a
s
e
s

s
o
m
e
 
o
f
 
i
t
s
 
s
t
o
r
e
d
 
"
c
h
e
m
i
c
a
l
'
 
e
n
e
r
g
y
 
f
o
r
 
t
h
e
 
a
n
i
m
a
l

t
o
 
u
s
e
r
 
(
3
)
 
a
n
i
m
a
l
s
 
c
a
n
n
o
t
 
o
b
t
a
i
n

a
n
y
 
e
n
e
r
g
y
 
e
x
c
e
p
t
 
b
y
 
e
a
t
i
n
g
 
f
o
o
d
 
a
n
d
 
t
h
e
n
 
r
e
l
e
a
s
i
n
g

t
h
e
 
c
h
e
m
i
c
a
l
 
e
n
e
r
g
y
 
o
f
 
t
a
k
e
 
f
o
o
d
 
w
i
t
h
i
n

t
h
e
i
r
 
b
o
d
i
e
s

(
4
)
 
w
h
e
n
 
o
n
e
 
a
n
i
m
a
l
 
e
a
t
s

a
n
o
t
h
e
r
 
a
n
i
m
a
l
 
i
t
 
i
s
 
a
b
l
e
 
t
o
 
r
e
l
e
a
s
e

s
o
m
e
 
o
f
 
t
h
e
 
e
n
e
r
g
y
 
s
t
i
l
l
 
c
o
n
t
a
i
n
e
d
 
i
n
 
t
h
e
 
f
i
r
s
t

a
n
i
m
a
l
'
s
 
b
o
d
y
;

(
5
)
 
t
h
e
 
f
u
r
t
h
e
r
 
d
o
w
n

a
 
f
o
o
d
 
c
h
a
i
n
 
a
n
 
o
r
g
a
n
i
s
m
 
i
s
 
t
h
e
 
l
e
s
s
 
e
n
e
r
g
y

a
v
a
i
l
a
b
l
e
 
t
o
 
i
t
,
 
t
h
u
s
;
 
m
a
n
 
h
a
s
 
t
h
e
m
o
s
t
 
e
n
e
r
g
y
 
a
v
a
i
l
a
b
l
e
 
t
o
 
h
i
m
 
i
f
 
h
e
 
e
a
t
s
 
m
o
s
t
l
y

g
r
e
e
n
 
p
l
a
n
t
s
.

(
T
h
i
s
 
h
a
s
 
m
a
n
y
 
i
n
t
e
r
e
s
t
i
n
g
:
 
i
m
p
l
i
c
a
t
i
o
n
s
.
)
:

a
n
d
 
(
6
)
 
o
n
c
e
 
e
n
e
r
g
y
 
i
s

u
s
e
d
 
b
y
 
a
n
 
o
r
g
a
n
i
s
m
,
 
t
h
e

s
a
m
e
 
e
n
e
r
g
y
 
c
a
n
n
o
t
 
b
e
 
u
s
e
d
 
b
y
 
a
n
y
 
o
t
h
e
r
 
o
r
g
a
n
i
s
m
.

3
.
2

3
.
2

S
o
u
r
c
e
 
O
f

!
?
e
a
r
l
y
 
a
l
l
 
o
f
 
t
h
e
 
e
n
e
-
-
v
 
u
s
e
d
 
i
n

i
n
d
u
s
t
r
y
,
 
b
u
s
i
n
e
s
s
,
 
a
n
d
o
u
r
 
h
o
m
e
s
 
c
o
m
e
s
 
f
r
o
m
 
c
o
a
l
,

F
o
s
s
i
l
 
r
u
e
l

o
i
l
,
 
o
r
 
n
a
t
u
r
a
l
 
g
a
s
.

T
h
e
s
e
 
s
o
u
r
c
e
s
 
a
r
e
 
g
r
o
u
p
e
d
 
t
o
g
e
t
h
e
r
a
s
 
f
o
s
s
i
l
 
f
u
e
l
s
,
 
b
e
c
a
u
s
e

E
n
e
r
g
y

t
h
e
y
 
a
l
l
 
r
e
s
u
l
t
 
f
r
o
m
 
p
a
s
t
 
l
i
v
i
n
g

o
r
g
a
n
i
s
m
s
,

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s

s
h
o
u
l
d
 
h
e
 
a
b
l
e
 
t
o
 
b
r
i
e
f
l
y
 
e
x
p
l
a
i
n

h
o
w
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s

a
r
e
 
f
o
r
m
e
d
.

'
l
o
s
t
 
s
t
u
d
e
n
t
s
 
e
n
j
o
y
 
d
o
i
n
g
 
r
e
s
e
a
r
c
h

o
n
 
h
o
w
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
a
r
e
 
f
o
r
m
e
d
.

E
a
v
e

s
t
u
d
e
n
t
s
 
r
e
p
o
r
t
 
t
h
e
i
r
 
f
i
n
d
i
n
g
s

t
o
 
t
h
e
 
c
l
a
s
s
.

S
o
m
e
 
i
m
p
o
r
t
a
n
t
 
p
o
i
n
t
s
 
t
h
a
t
 
s
h
o
u
l
d
 
b
e

i
n
c
l
u
d
e
d
 
a
r
e
:

(
1
)
 
t
h
e
 
e
n
e
r
g
y
 
c
o
n
t
a
i
n
e
d

i
n
 
t
h
e
s
e
 
f
o
s
s
i
l
 
f
u
e
l
s
 
o
r
i
g
i
n
a
l
l
y
c
a
m
e
 
f
r
o
m

t
h
e
 
s
u
n
 
a
n
d
 
w
a
s
 
f
i
r
s
t
 
c
a
p
t
u
r
e
d
b
y
 
g
r
e
e
n
 
p
l
a
n
t
s
,
 
(
2
)
 
t
h
i
s
 
s
t
o
r
e
d
 
e
n
e
r
g
y

w
a
s
 
c
o
l
l
e
c
t
e
d

m
a
n
y
 
t
h
o
u
s
a
n
d
s
 
o
f
 
y
e
a
r
s
 
a
g
o
,
 
a
n
d
 
(
3
)

w
e
 
a
r
e
 
u
s
i
n
g
 
u
p
 
t
h
e
s
e
 
f
o
s
s
i
l
 
f
u
e
l
 
s
u
p
p
l
i
e
s
 
f
a
s
t
e
r

t
h
a
n
 
t
h
e
y
 
a
r
e
 
b
e
i
n
g
 
f
o
r
m
e
d
.



3
.
.

L
o
c
a
t
i
o
n
 
O
f

F
o
s
s
i
l
 
F
u
e
l

S
u
p
p
l
i
e
s

3
.
4

W
o
r
l
d
 
S
u
p
p
l
y

O
f
 
F
o
s
s
i
l
 
F
u
e
l

E
n
e
r
g
y

3
.
5

W
o
r
l
d
 
D
i
s
t
r
i
b
u
t
i
o
n

O
f
 
C
o
a
l
,
 
O
i
l
,
 
A
n
d

N
a
t
u
r
a
l
 
G
a
s

3
.
6

P
r
e
s
e
n
t
 
E
n
e
r
g
y
 
S
o
u
r
c
e
s
 
-

U
n
i
t
e
d
 
S
t
a
t
e
s

3
.
3

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
r
e
a
l
i
z
e
 
t
h
a
t
 
f
o
s
s
i
l
 
f
u
e
l
 
e
n
e
r
g
y
d
e
p
o
s
i
t
s

a
r
e
 
n
o
t
 
e
v
e
n
l
y
 
d
i
s
t
r
i
b
u
t
e
d
 
o
v
e
r
 
t
h
e
 
e
a
r
t
h
'
s
 
s
u
r
f
a
c
e
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
b
e
 
a
b
l
e
 
t
o
 
g
i
v
e

t
h
e
 
n
a
m
e
s
 
o
f
 
a
 
f
e
w
 
a
r
e
a
s
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
w
h
e
r
e
 
o
i
l
,
 
n
a
t
u
r
a
l
 
g
a
s
,
 
a
n
d
 
c
o
a
l
 
a
r
e

f
o
u
n
d
 
i
n
 
r
a
t
h
e
r
 
a
b
u
n
d
a
n
t
 
s
u
p
p
l
y
.
.

T
h
e
 
l
o
c
a
t
i
o
n
s
 
c
a
n
 
b
e
 
i
l
l
u
s
t
r
a
t
e
d
 
w
i
t
h
 
t
h
e
 
t
h
r
e
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
m
a
p
s
 
(
c
o
a
l
,
 
o
i
l
,
 
n
a
t
u
r
a
l

g
a
s
)
 
f
o
u
n
d
 
i
n
 
A
p
p
e
n
d
i
x
 
B
.

T
h
e
 
n
a
p
s
 
c
a
n
 
b
e
 
u
s
e
d
 
a
s
 
s
t
u
d
e
n
t
 
h
a
n
d
o
u
t
s
,
 
o
r
 
a
s
 
a
n
 
o
v
e
r
h
e
a
d

p
r
o
j
e
c
t
i
o
n
 
f
o
r
 
d
i
s
c
u
s
s
i
o
n
.

1
0

3
.
4

B
y
 
u
s
i
n
g
 
t
h
e
 
w
o
r
l
d
 
f
o
s
s
i
l
 
f
u
e
l
 
s
u
p
p
l
y
 
g
r
a
p
h
 
(
A
p
p
e
n
d
i
x
 
B
)
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
r
e
a
l
i
z
e
 
t
h
a
t

o
u
r
 
b
i
g
g
e
s
t
 
s
o
u
r
c
e
 
o
f
 
f
o
s
s
i
l
 
f
u
e
l
 
e
n
e
r
g
y
 
i
s
 
c
o
a
l
.

A
s
 
s
t
u
d
e
n
t
s
 
a
r
e
 
s
t
u
d
y
i
n
g
 
t
h
i
s
 
g
r
a
p
h
,

h
a
v
e
 
t
h
e
m
 
t
h
i
n
k
 
a
b
o
u
t
 
s
o
m
e
 
o
f
 
t
h
e
 
p
r
o
b
l
e
m
s
 
a
s
s
o
c
i
a
t
e
d
,
w
i
t
h
 
u
s
i
n
g
 
e
n
e
r
g
y
 
f
r
o
m
 
c
o
a
l
.

F
o
r
 
e
x
a
m
p
l
e
:

s
t
r
i
p
 
m
i
n
i
n
g
,
 
a
i
r
 
p
o
l
l
u
t
i
o
n
,
 
f
l
y
 
a
s
h
,
 
t
r
a
n
s
p
o
r
t
i
n
g
 
t
h
e
 
c
o
a
l
 
t
o
 
p
o
w
e
r

P
l
a
n
t
s
 
o
r
 
i
n
d
u
s
t
r
i
e
s
,
 
d
e
e
p
 
u
n
d
e
r
g
r
o
u
n
d
 
m
i
n
i
n
g
,
 
r
e
c
l
a
i
l
d
n
g
 
m
i
n
e
d
-
o
v
e
r
 
l
a
n
d
,
 
u
s
i
n
g
 
t
h
e

s
u
p
p
l
y
 
f
a
s
t
e
r
 
t
h
a
n
 
i
t
 
i
s
 
r
e
p
l
a
c
e
d
 
a
n
d
 
e
t
c
.

3
 
5

A
f
t
e
r
 
s
t
u
d
y
i
n
g
 
t
h
e
 
g
r
a
p
h
 
a
n
d
 
m
a
p
s
 
i
l
l
u
s
t
r
a
t
i
n
g
 
t
h
e
 
w
o
r
l
d
 
s
u
p
p
l
y
 
a
n
d
 
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f

f
o
s
s
i
l
 
f
u
e
l
s

,
t
h
e
 
g
r
a
p
h
 
i
l
l
u
s
t
r
a
t
i
n
g
 
w
o
r
l
d
 
d
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
c
o
a
l
,
 
n
a
t
u
r
a
l
 
g
a
s
,
 
a
n
d

o
i
l
 
c
a
n
 
b
e
 
u
s
e
d
 
a
s
 
a
 
r
e
v
i
e
w
 
a
n
d
 
t
o
 
g
a
i
n
 
b
e
t
t
e
r
.
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
w
h
i
c
h
 
c
o
u
n
t
r
i
e
s

c
o
n
t
r
o
l
 
t
h
e
 
p
r
e
s
e
n
t
 
w
o
r
l
d
 
e
n
e
r
g
y
 
s
u
p
p
l
y
.

B
r
i
n
g
 
o
u
t
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
i
s
 
p
r
e
s
e
n
t
l
y
 
u
s
i
n
g
 
a
b
o
u
t
 
3
5
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e

w
o
r
l
d
'
s
 
e
n
e
r
g
y
.

T
h
i
s
 
w
i
l
l
 
c
a
u
s
e
 
u
s
 
t
o
 
u
s
e
 
u
p
 
o
u
r
 
e
n
e
r
g
y
 
s
u
p
p
l
y
 
b
e
f
o
r
e
 
o
t
h
e
r
 
c
o
u
n
t
r
i
e
s
,

o
r
 
w
e
 
m
u
s
t
 
b
u
y
 
e
n
e
r
g
y
 
f
r
o
m
 
o
t
l
,
e
r
 
c
o
u
n
t
r
i
e
s
.

T
h
i
s
 
i
s
 
o
n
e
 
r
e
a
s
o
n
 
w
e
 
w
a
n
t
 
t
o
 
b
u
y
 
t
h
e

o
i
l
 
f
r
o
m
 
t
h
e
 
M
i
d
d
l
e
 
E
a
s
t
.

A
n
o
t
h
e
r
 
i
n
t
e
r
e
s
t
i
n
g
 
f
a
c
t
 
t
o
 
b
r
i
n
g
 
o
u
t
 
i
s
 
t
h
a
t
 
o
n
l
y
 
s
i
x
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
w
o
r
l
d
'
s

p
o
p
u
l
a
t
i
o
n
 
l
i
v
e
s
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
.

S
o
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
s
i
x
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
w
o
r
l
d
'
s

p
e
o
p
l
e
 
a
r
e
 
c
o
n
s
u
m
i
n
g
 
o
v
e
r
 
o
n
e
-
t
h
i
r
d
 
o
f
 
t
h
e
 
d
a
i
l
y
 
u
s
e
d
 
e
n
e
r
g
y
.

I
t
 
w
o
u
l
d
 
b
e
 
i
m
p
o
s
s
i
b
l
e
 
f
o
r
 
a
l
l
 
t
h
e
 
p
e
o
p
l
e
 
o
f
 
t
h
e
 
w
o
r
l
d
 
t
o
 
u
s
e
 
a
s
 
m
u
c
h
 
e
n
e
r
g
y
 
p
e
r

p
e
r
s
o
n
 
a
s
 
w
e
 
d
o
 
u
s
i
n
g
 
o
u
r
 
p
r
e
s
e
n
t
 
e
n
e
r
g
y
 
s
o
u
r
c
e
s
 
o
f
 
m
o
s
t
l
y
 
c
o
a
l
,
 
o
i
l
,

a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
.

3
.
6

E
n
e
r
g
y
 
u
s
e
d
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
c
o
m
e
s
 
f
r
o
m
 
s
i
x
 
d
i
f
f
e
r
e
n
t
 
s
o
u
r
c
e
s
.

T
h
e
 
t
h
r
e
e
 
f
o
s
s
i
l

f
u
e
l
s
,
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
,
 
p
r
o
d
u
c
e
 
o
v
e
r
 
9
5
 
p
e
r
c
e
n
t
 
o
f
 
t
h
i
s
 
e
n
e
r
g
y
 
s
u
p
p
l
y
.

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
k
n
o
w
 
t
h
e
 
t
h
r
e
e
 
p
r
i
m
a
r
y
 
s
o
u
r
c
e
s
 
o
f
 
o
u
r

p
r
e
s
e
n
t
 
e
n
e
r
g
y
 
s
u
p
p
l
y
 
a
n
d
 
p
r
e
d
i
c
t
 
w
h
i
c
h
 
o
f
 
t
h
e
s
e
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
w
i
l
l
 
b
e
 
p
r
o
v
i
d
i
n
g

a
 
g
r
e
a
t
e
r
 
p
o
r
t
i
o
n
 
o
f
 
o
u
r
 
e
n
e
r
g
y
 
i
n
 
t
h
e
 
n
e
x
t
 
t
w
e
n
t
y
 
y
e
a
r
s
.



3
.
6

3
.
6

P
r
e
s
e
n
t
 
E
n
e
r
g
y
 
S
o
u
r
c
e
s
 
-

P
l
a
c
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
:

U
n
i
t
e
d
 
S
t
a
t
e
s

(
C
o
n
t
i
n
u
e
d
)

3
.
7

A
m
o
u
n
t
s
 
O
f
 
F
o
s
s
i
l

F
u
e
l
s
 
S
t
i
l
l

R
e
m
a
i
n
i
n
g

U
n
i
t
e
d
 
S
t
a
t
e
s
 
E
n
e
r
g
y
 
S
o
u
r
c
e
s
 
1
9
7
3

C
o
a
l

P
e
t
r
o
l
e
u
m

N
a
t
u
r
a
l
 
G
a
s

H
y
d
r
o
e
l
e
c
t
r
i
c
 
P
o
w
e
r

7
u
c
l
e
a
r
 
P
o
w
e
r

2
0
.
1
7

3
9
.
6
%

)
 
f
o
s
s
i
l
 
f
u
e
l
s

3
5
.
6
%
j

D
a
-
,
$
)

4
.
0
%

0
.
6
7

G
e
o
t
h
e
r
m
a
l
 
P
o
w
e
r

l
e
s
s
 
t
h
a
n
 
0
.
1
7

A
r
e
 
f
o
s
s
i
l
 
f
u
e
l
 
e
n
e
r
g
y
 
s
o
u
r
c
e
s
 
b
e
i
n
g
 
u
s
e
d
 
p
r
o
p
o
r
t
i
o
n
a
l
 
t
o

t
h
e
 
w
o
r
l
d
 
s
u
p
p
l
y
 
a
v
a
i
l
a
b
l
e
.

B
a
s
e
d
 
o
n
 
t
h
e
 
w
o
r
l
d
 
s
u
p
p
l
y
,
 
w
h
i
c
h
 
f
o
s
s
i
l
 
f
u
e
l
 
d
o
 
y
o
u
 
e
x
p
e
c
t
 
u
s
 
t
o
 
u
s
e
 
m
o
r
e

o
f
 
i
n
 
t
h
e

f
u
t
u
r
e
?
 
M
i
c
h
 
o
f
 
t
h
e
 
n
o
n
-
f
o
s
s
i
l
 
f
u
e
l
 
e
n
e
r
g
y
 
;
s
o
u
r
c
e
s
 
d
o
 
y
o
u
 
e
x
p
e
c
t
 
t
o
 
s
e
e

i
n
c
r
e
a
s
e
d
?

U
h
y
?
.

3
 
7

F
o
l
l
o
w
i
n
g
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
i
n
d
i
c
a
t
e
 
w
h
i
c
h
 
o
f
 
t
h
e

f
o
s
s
i
l
 
f
u
e
l
s

w
e
 
h
a
v
e
 
r
e
m
a
i
n
i
n
g
 
i
n
 
g
r
e
a
t
e
s
t
 
s
u
p
p
l
y
,
 
w
h
e
n
 
e
a
c
h
 
t
y
p
e

i
s
 
p
r
e
d
i
c
t
e
d
 
t
o
 
b
e
 
d
e
p
l
e
t
e
d
,
 
a
n
d

t
h
e
 
r
e
l
a
t
i
v
e
 
p
e
r
c
e
n
t
a
g
e
 
o
f
 
t
h
e
 
o
r
i
g
i
n
a
l
 
s
u
p
p
l
y
 
w
e
 
h
a
v
e
 
a
l
r
e
a
d
y
 
u
s
e
d
.

U
s
e
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
f
o
s
s
i
l
 
e
n
e
r
g
y
 
u
s
a
g
e
 
a
n
d
 
s
u
p
p
l
y
 
g
r
a
p
h
,

(
A
p
p
e
n
d
i
x
 
P
.
)
 
t
o
 
d
i
r
e
c
t

a
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n
.

R
e
v
i
e
w
 
w
h
a
t
 
a
 
g
r
a
p
h
 
o
f
 
t
h
i
s
 
t
y
p
e
 
m
e
a
n
s
.

I
l
e
 
s
u
r
e
 
t
h
e
 
s
t
u
d
e
n
t
s

u
n
d
e
r
s
t
a
n
d
 
t
h
e
 
d
a
r
k
e
n
e
d
 
a
r
e
a
 
i
s
 
t
h
e
 
a
m
o
u
n
t
 
u
s
e
d
 
u
p
 
a
n
d
 
t
h
e
 
l
i
g
h
t
 
a
r
e
a
 
i
s

t
h
e
 
s
u
p
p
l
y

s
t
i
l
l
 
a
v
a
i
l
a
b
l
e
.

D
i
s
c
u
s
s
i
o
n
 
T
o
p
i
c
s
!

(
1
)

P
h
e
n
 
a
 
f
u
e
l
 
s
o
u
r
c
e
 
i
s
 
f
i
r
s
t
 
u
s
e
d
 
t
h
e
 
d
e
m
a
n
d
 
f
o
r
 
i
t
 
a
n
d
 
t
h
e
 
t
e
c
h
n
o
l
o
g
y

f
o
r

o
b
t
a
i
n
i
n
g
 
i
t
 
i
s
 
l
o
w
.

(
2
)

A
s
 
d
e
m
a
n
d
 
g
r
o
w
s
 
a
n
d
 
m
e
a
n
s
 
o
f
 
o
b
t
a
i
n
i
n
g
 
i
t
 
i
m
p
r
o
v
e
s
,
 
m
o
r
e
 
a
n
d
 
m
o
r
e

f
u
e
l
 
i
s

r
e
q
u
i
r
e
d
.

(
3
)

O
n
c
e
 
t
h
e
 
"
e
a
s
y
 
t
o
 
g
e
t
"
 
f
u
e
l
 
s
u
p
p
l
y
 
i
s
 
g
o
n
e
 
m
o
r
e
 
t
e
c
h
n
o
l
o
g
y
 
a
n
d
 
e
x
p
e
n
s
e

a
r
e
 
r
e
q
u
i
r
e
d
 
t
o
 
o
b
t
a
i
n
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
s
u
p
p
l
y
.

(
4
)

T
h
i
s
 
p
a
t
t
e
r
n
 
h
a
s
 
b
e
e
n
 
t
r
u
e
 
f
o
r
 
a
l
l
 
f
o
s
s
i
l
 
f
u
e
l
s
.

1
1



3
.
8

1
2

N
e
a
r
l
y
 
a
l
l
 
o
f
 
t
h
e
 
w
o
r
l
d
'
s
 
e
n
e
r
g
y
 
s
u
p
p
l
y
 
h
a
s
 
c
o
m
e
 
f
r
o
m
 
t
h
e
 
f
o
s
s
i
l
 
f
u
e
l
s
.

T
o
d
a
y
,
 
o
u
r

s
u
p
p
l
i
e
s
 
o
f
 
f
o
s
s
i
l
 
f
u
e
l
s
 
a
r
e
 
g
e
t
t
i
n
g
 
d
e
p
l
e
t
e
d
 
a
n
d
 
w
h
a
t
 
i
s
 
r
e
m
a
i
n
i
n
g
 
i
s
 
h
a
r
d
e
r
 
t
o
 
o
b
t
a
i
n

f
r
o
m
 
t
h
e
 
e
a
r
t
h
.

O
t
h
e
r
 
s
o
u
r
c
e
s
 
o
f
 
e
n
e
r
g
y
,
 
s
u
c
h
 
a
s
 
h
y
d
r
o
p
o
w
e
r
 
(
w
a
t
e
r
)
,
 
g
e
o
t
h
e
r
m
a
l
,
 
a
n
d

w
i
n
d
,
 
h
a
v
e
 
b
e
e
n
 
u
s
e
d
 
t
o
 
l
i
m
i
t
e
d
 
d
e
g
r
e
e
s
.

S
t
i
l
l
 
o
t
h
e
r
 
s
o
u
r
c
e
s
 
a
r
e
 
j
u
s
t
 
b
e
i
n
g
 
d
e
v
e
l
o
p
e
d

o
r
 
c
o
n
s
i
d
e
r
e
d
 
a
s
 
r
e
p
l
a
c
e
m
e
n
t
s
 
f
o
r
 
t
h
e
 
f
o
s
s
i
l
 
f
u
e
l
s
.

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,

s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
f
o
u
r
 
p
o
s
s
i
b
l
e
 
s
o
u
r
c
e
s
 
o
f
 
e
n
e
r
g
y
 
o
t
h
e
r
 
t
h
a
n
 
t
h
e
 
f
o
s
s
i
l

f
u
e
l
s
.

A
p
p
e
n
d
i
x
 
C
 
c
o
n
t
a
i
n
s
 
a
 
s
e
r
i
e
s
 
o
f
 
s
h
o
r
t
 
a
r
t
i
c
l
e
s
 
d
e
s
c
r
i
b
i
n
g
 
s
o
m
e
 
o
f
 
t
h
e
 
a
l
t
e
r
n
a
t
e

e
n
e
r
g
y

s
o
u
r
c
e
s
.

I
t
 
i
s
 
s
u
g
g
e
s
t
e
d
 
t
h
a
t
 
i
n
d
i
v
i
d
u
a
l
 
o
r
 
s
e
v
e
r
a
l
 
s
t
u
d
e
n
t
s
 
b
e
 
a
s
s
i
g
n
e
d
 
t
h
e
 
t
a
s
k

o
f
 
u
s
i
n
g
 
t
h
e
 
a
r
t
i
c
l
e
s
 
a
n
d
 
a
n
y
 
o
t
h
e
r
 
i
n
f
o
r
m
a
t
i
o
n
 
t
h
e
y
 
c
a
n
 
o
b
t
a
i
n
 
o
n
 
a
 
g
i
v
e
n
e
n
e
r
g
y

s
o
u
r
c
e
 
t
o
 
e
x
p
l
a
i
n
 
t
h
e
 
e
n
e
r
g
y
 
s
o
u
r
c
e
 
t
o
 
t
h
e
 
c
l
a
s
s
.

S
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
n
o
t
 
b
e
 
e
x
p
e
c
t
e
d

t
o
 
b
e
c
o
m
e
 
-
e
x
p
e
r
t
s
"
 
o
n
 
t
h
e
s
e
 
p
o
s
s
i
b
l
e
 
e
n
e
r
g
y
 
s
o
u
r
c
e
s
.

T
h
e
s
e
 
f
i
v
e
 
q
u
e
s
t
i
o
n
s
 
m
i
g
h
t

s
e
r
v
e
 
a
s
 
g
u
i
d
e
s
 
f
o
r
 
t
h
e
 
s
t
u
d
e
n
t
 
r
e
p
o
r
t
s
.

(
1
)
 
W
h
a
t
 
i
s
 
t
h
e
 
s
o
u
r
c
e
 
o
f
 
t
h
i
s
 
e
n
e
r
g
y
?

(
2
)
 
H
o
w
 
i
s
 
t
h
e
 
e
n
e
r
g
y
 
t
r
a
p
p
e
d
 
b
y
 
m
a
n
?

(
3
)
 
W
h
e
r
e
 
i
s
 
t
h
i
s
 
e
n
e
r
g
y
 
s
o
u
r
c
e
 
l
o
c
a
t
e
d
?

(
4
)
 
D
o
e
s
 
i
t
 
h
a
v
e
 
t
h
e
 
p
o
t
e
n
t
i
a
l
 
o
f
 
b
e
i
n
g
 
a
 
l
a
r
g
e
 
s
o
u
r
c
e
 
o
f
 
e
n
e
r
g
y
?

(
5
)
 
W
h
a
t
 
a
r
e
 
s
o
m
e

o
f
 
t
h
e
 
p
r
o
b
l
e
m
s
 
i
n
 
u
s
i
n
g
 
t
h
i
s
 
s
o
u
r
c
e
 
o
f
 
e
n
e
r
g
y
?

T
h
e
 
s
h
o
r
t
 
a
r
t
i
c
l
e
s
 
i
n
 
A
p
p
e
n
d
i
x
 
C
 
d
e
s
c
r
i
b
e
 
h
y
d
r
o
p
o
w
e
r
,
 
n
u
c
l
e
a
r
e
n
e
r
g
y
,
 
e
n
e
r
g
y
 
f
r
o
m

w
a
s
t
e
,
 
s
o
l
a
r
 
e
n
e
r
g
y
,
 
g
e
o
t
h
e
r
m
a
l
 
p
o
w
e
r
,
 
t
i
d
a
l
 
p
o
w
e
r
,
 
w
i
n
d
 
p
o
w
e
r
,
 
a
n
d
 
o
i
l
 
s
h
a
l
e
 
w
h
i
c
h

i
s
 
n
o
t
 
a
 
n
e
w
 
t
y
p
e
 
o
f
 
e
n
e
r
g
y
 
b
u
t
 
r
a
t
h
e
r
 
a
 
n
e
w
 
s
o
u
r
c
e
 
f
o
r
 
o
i
l
,
 
a
 
f
o
s
s
i
l
 
f
u
e
l
.

3
.
9

T
h
e
 
d
a
t
a
 
s
h
o
w
i
n
g
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
e
n
e
r
g
y
 
u
s
a
g
e
,
 
A
p
p
e
n
d
i
x
 
A
,
 
w
i
l
l
 
p
r
o
v
i
d
e
 
t
h
e
 
s
t
u
d
e
n
t
s

a
n
o
t
h
e
r
 
w
a
y
 
t
o
 
l
o
o
k
,
 
a
t
 
t
h
e
 
e
n
e
r
g
y
 
t
r
e
n
d
s
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
.

T
h
i
s
 
d
a
t
a
 
c
a
n
 
b
e
 
u
s
e
d

f
o
r
 
a
 
g
r
a
p
h
i
n
g
 
e
x
e
r
c
i
s
e
.

S
e
v
e
r
a
l
 
i
n
t
e
r
e
s
t
i
n
g
 
q
u
e
s
t
i
o
n
s
 
c
a
n
 
b
e
 
u
s
e
d
 
t
o
 
d
i
r
e
c
t
 
d
i
s
c
u
s
s
i
o
n
 
a
f
t
e
r
 
g
r
a
p
h
s

a
r
e

c
o
n
s
t
r
u
c
t
e
d
.

F
o
r
 
e
x
a
m
p
l
e
:

(
1
)
 
W
h
y
 
h
a
s
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
f
r
o
m
 
w
a
t
e
r
 
p
o
w
e
r
 
n
o
t

i
n
c
r
e
a
s
e
d
 
a
n
y
 
m
o
r
e
?

(
2
)
 
W
h
y
 
d
i
d
 
t
h
e
 
t
o
t
a
l
 
e
n
e
r
g
y
 
u
s
a
g
e
 
g
o
 
d
o
w
n
 
d
u
r
i
n
g
 
t
h
e
 
e
a
r
l
y

1
9
3
0
'
s
?

(
3
)
 
W
h
y
 
a
r
e
 
w
e
 
n
o
t
 
u
s
i
n
g
 
m
o
r
e
 
c
o
a
l
 
s
i
n
c
e
 
w
e
 
h
a
v
e

a
 
l
a
r
g
e
 
r
e
s
e
r
v
e
 
o
f
 
i
t
 
c
o
m
-

p
a
r
e
d
 
t
o
 
o
i
l
 
a
n
d
 
g
a
s
?

(
4
)
 
W
h
i
c
h
 
k
i
n
d
-
 
o
f
 
f
u
e
l
 
u
s
a
g
e
 
i
s
 
i
n
c
r
e
a
s
i
n
g
 
f
a
s
t
e
s
t
s
?

a
n
d

(
5
)
 
[
:
T
h
a
t
 
a
d
v
a
n
t
a
g
e
s
 
a
r
e
 
t
h
e
r
e
 
t
o
 
u
s
i
n
g
 
n
a
t
u
r
a
l

g
a
s
 
a
n
d
 
o
i
l
 
o
v
e
r
-
c
o
a
l
?



3
.
1
0

1
3

T
h
i
s
 
f
i
l
m
 
v
i
e
w
s
 
t
h
e
 
v
a
r
i
o
u
s
 
t
y
p
e
s
 
o
f
 
p
o
w
e
r
 
u
s
e
d
 
t
o
d
a
y
 
c
o
m
p
a
r
e
d
 
t
o
 
t
h
e

p
o
w
e
r
 
a
v
a
i
l
a
b
l
e

i
n
 
t
h
e
 
p
a
s
t
.

P
o
w
e
r
 
f
r
o
m
 
m
u
s
c
l
e
s
,
 
w
a
t
e
r
,
 
f
i
r
e
,
 
g
a
s
o
l
i
n
e
,

s
t
e
a
m
,
 
e
l
e
c
t
r
i
c
i
t
y
,
 
a
n
d
 
t
h
e

a
t
o
m
 
a
r
e
 
b
r
i
e
f
l
y
 
i
l
l
u
s
t
r
a
t
e
d
 
o
r
 
d
i
s
c
u
s
s
e
d
.

A
 
l
a
r
g
e
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
f
i
l
m
 
i
s
 
d
e
v
o
t
e
d

t
o
 
e
l
e
c
t
r
i
c
i
t
y
,
 
i
t
s
 
g
e
n
e
r
a
t
i
o
n
 
a
n
d
 
u
s
e
s
.

T
h
i
s
 
f
i
l
m
 
c
a
n
 
s
e
r
v
e
 
a
s
 
a
 
t
r
a
n
s
i
t
i
o
n
 
b
e
t
w
e
e
n
 
s
t
u
d
y
i
n
g
 
w
h
e
r
e
 
o
u
r

e
n
e
r
g
y
 
c
o
m
e
s
 
f
r
o
m
 
t
o

h
o
w
 
w
e
 
u
s
e
 
e
n
e
r
g
y
.

A
 
s
h
o
r
t
 
s
u
m
m
a
r
y
 
a
n
d
 
s
e
t
 
o
f
 
d
i
s
c
u
s
s
i
o
n
 
q
u
e
s
t
i
o
n
s
 
a
b
o
u
t
 
t
h
i
s
 
f
i
l
m

i
s
 
i
n
c
l
u
d
e
d
 
i
n
 
A
p
p
e
n
d
i
x
 
D
.



T
O
P
I
C
 
I
V
:

C
H
A
N
G
I
N
G
 
E
N
E
R
G
Y
 
I
N
T
O
 
P
O
W
E
R

1
4

4
.
0

4
.
0

I
n
t
r
o
d
u
c
t
i
o
n

T
h
i
s
 
t
o
p
i
c
 
w
i
l
l
 
b
r
i
e
f
l
y
 
l
o
o
k
 
a
t
 
t
h
e
 
p
r
o
c
e
s
s
 
i
n
v
o
l
v
e
d
 
i
n
 
c
o
n
v
e
r
t
i
n
g
 
t
h
e
 
r
a
w

e
n
e
r
g
y

i
n
t
o
 
u
s
a
b
l
e
 
f
o
r
m
s
.

4
.
1

G
e
n
e
r
a
t
i
n
g
 
E
l
e
c
t
r
i
c
i
t
y

C
o
n
v
e
r
t
i
n
g
 
o
u
r
 
r
a
w
 
e
n
e
r
g
y
 
i
n
t
o
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
o
r
 
p
o
w
e
r
 
t
h
a
t
w
e
 
c
a
n
 
u
s
e
 
i
n
 
o
u
r
 
d
a
i
l
y

l
i
v
e
s
 
i
s
 
a
n
 
e
n
e
r
g
y
 
e
x
p
e
n
s
i
v
e
,
 
b
u
t
 
n
e
c
e
s
s
a
r
y
 
p
r
o
c
e
s
s
.

F
o
r
 
e
x
a
m
p
l
e
;
 
a
r
o
u
n
d
 
t
w
o
-
t
h
i
r
d
s

o
f
 
t
h
e
 
e
n
e
r
g
y
 
i
n
 
c
o
a
l
 
i
s
 
l
o
s
t
 
w
h
e
n
 
c
o
a
l
 
i
s
 
c
o
n
v
e
r
t
e
d
 
t
o
 
e
l
e
c
t
r
i
c
i
t
y
.

T
o
d
a
y
,
 
w
e
 
u
s
e

m
o
s
t
 
o
f
 
o
u
r
 
e
n
e
r
g
y
 
i
n
 
t
h
e
 
f
o
r
m
 
o
f
 
e
i
t
h
e
r
 
e
l
e
c
t
r
i
c
i
t
y
,
 
f
u
e
l
 
f
o
r
 
h
e
a
t
,
 
o
r
 
f
u
e
l
 
f
o
r
 
e
n
g
i
n
e
s
.

N
e
i
t
h
e
r
 
e
l
e
c
t
r
i
c
i
t
y
 
o
r
 
e
n
g
i
n
e
 
f
u
e
l
 
i
s
 
f
o
u
n
d
 
n
a
t
u
r
a
l
l
y
 
o
n
 
t
h
e
 
e
a
r
t
h
.

4
.
1

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
t
h
e
 
t
h
r
e
e
 
m
a
j
o
r
 
p
a
r
t
s
 
o
f

a
n
 
e
l
e
c
t
r
i
c
 
g
e
n
e
r
a
t
i
n
g
 
p
l
a
n
t
,
 
g
i
v
e
 
t
h
e
 
p
r
i
m
a
r
y
 
f
u
n
c
t
i
o
n
 
o
f
 
e
a
c
h
,
 
a
n
d
 
k
n
o
w
 
w
h
y
 
w
e

g
e
n
e
r
a
t
e
 
e
l
e
c
t
r
i
c
i
t
y
.

A
l
l
 
e
l
e
c
t
r
i
c
 
g
e
n
e
r
a
t
i
n
g
 
p
l
a
n
t
s
 
o
p
e
r
a
t
e
 
b
a
s
i
c
a
l
l
y
 
t
h
e
 
s
a
m
e
,
 
r
e
g
a
r
d
l
e
s
s
 
o
f
 
t
h
e
i
r
 
f
u
e
l

s
u
p
p
l
y
.

A
l
l
 
r
e
q
u
i
r
e
 
a
 
f
u
e
l
,
 
a
 
t
u
r
b
i
n
e
,
 
a
n
d
 
a
 
g
e
n
e
r
a
t
o
r
.

T
h
e
 
f
u
e
l
 
a
c
t
s
 
a
s
 
t
h
e
 
p
o
w
e
r

s
o
u
r
c
e
 
t
o
 
t
u
r
n
 
t
h
e
 
t
u
r
b
i
n
e
,
 
t
h
e
 
t
u
r
b
i
n
e
 
c
o
n
v
e
r
t
s
 
t
h
e
 
p
o
w
e
r
 
o
f
 
t
h
e
 
f
u
e
l
 
i
n
t
o
 
c
i
r
c
u
l
a
r

m
o
t
i
o
n
,
 
a
n
d
 
t
h
e
 
c
i
r
c
u
l
a
r
 
m
o
t
i
o
n
 
t
u
r
n
s
 
t
h
e
 
g
e
n
e
r
a
t
o
r
 
w
h
i
c
h
p
r
o
d
u
c
e
s
 
t
h
e
 
e
l
e
c
t
r
i
c
i
t
y
.

U
s
e
 
t
h
e
 
d
i
a
g
r
a
m
 
o
f
 
a
 
s
i
m
p
l
e
 
g
e
n
e
r
a
t
o
r
,
 
A
p
p
e
n
d
i
x
 
A
,
 
a
s
 
t
h
e
 
b
a
s
i
s
 
f
o
r
 
d
i
s
c
u
s
s
i
o
n
 
w
i
t
h

s
t
u
d
e
n
t
s
.

T
h
e
 
f
i
r
s
t
 
s
t
e
p
 
i
n
 
t
h
e
 
d
i
a
g
r
a
m
 
i
l
l
u
s
t
r
a
t
e
s
 
f
u
e
l
 
p
r
o
d
u
c
i
n
g
 
h
e
a
t
 
t
h
a
t
 
c
h
a
n
g
e
s

w
a
t
e
r
 
i
n
t
o
 
s
t
e
a
m
.

T
h
e
 
f
u
e
l
 
c
a
n
 
b
e
 
o
i
l
,
 
c
o
a
l
,
 
n
a
t
u
r
a
l
 
g
a
s
,
 
w
o
o
d
,
 
o
r
 
r
a
d
i
o
a
c
t
i
v
e

e
l
e
m
e
n
t
s
.

A
s
 
t
h
e
 
s
t
e
a
m
 
i
s
 
p
r
o
d
u
c
e
d
,
 
i
t
 
c
a
u
s
e
s
 
p
r
e
s
s
u
r
e
.

T
h
i
s
 
s
t
e
a
m
 
p
r
e
s
s
u
r
e
 
i
s

a
l
l
o
w
e
d
 
t
o
 
p
a
s
s
 
o
v
e
r
 
t
h
e
 
f
a
n
 
l
i
k
e
 
b
l
a
d
e
s
 
o
n
 
a
 
t
u
r
b
i
a
e
.

T
h
i
s
 
c
a
u
s
e
s
.
n
e
 
t
u
r
b
i
n
e
 
s
h
a
f
t

t
o
 
t
u
r
n
.

C
o
n
n
e
c
t
e
d
 
t
o
 
t
h
e
 
e
n
d
 
o
f
 
t
h
e
 
t
u
r
b
i
n
e
 
i
s
 
t
h
e
 
g
e
n
e
r
a
t
o
r
.

T
h
e
 
g
e
n
e
r
a
t
o
r
 
c
o
n
s
i
s
t
s

o
f
 
a
 
m
a
g
n
e
t
 
i
n
s
i
d
e
 
a
 
c
o
i
l
 
o
f
 
w
i
r
e
.

A
s
 
t
h
e
 
m
a
g
n
e
t
 
i
s
 
m
o
v
e
d
 
i
n
s
i
d
e
 
t
h
e
 
c
o
i
l
e
d
 
w
i
r
e
,

e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
p
r
o
d
u
c
e
d
 
i
n
 
t
h
e
 
c
o
i
l
e
d
 
w
i
r
e
.

7
o
r
e
 
w
i
r
e
s
 
a
r
e
 
c
o
n
n
e
c
t
e
d
 
t
o
 
t
h
e
 
c
o
i
l
e
d

w
i
r
e
s
 
o
f
 
t
h
e
 
g
e
n
e
r
a
t
o
r
 
t
o
 
c
a
r
r
y
 
t
h
e
 
n
e
w
l
y
 
p
r
o
d
u
c
e
d
 
e
l
e
c
t
r
i
c
i
t
y

t
o
 
o
u
r
 
h
o
m
e
s
,
 
i
n
d
u
s
-

t
r
i
e
s
,
 
a
n
d
 
b
u
s
i
n
e
s
s
e
s
.

I
n
 
h
y
d
r
o
e
l
e
c
t
r
i
c
 
g
e
n
e
r
a
t
i
n
g
 
p
l
a
n
t
s
,
 
t
h
e
 
g
r
a
v
i
t
y
 
p
u
l
l
s
 
t
h
e

w
a
t
e
r
 
o
v
e
r
 
t
h
e
 
t
u
r
b
i
n
e

b
l
a
d
e
s
 
c
a
u
s
i
n
g
 
t
h
e
m
 
t
o
 
t
u
r
n
 
t
h
e
 
s
a
m
e
 
a
s
 
s
t
e
a
m
.



4
.
1

G
e
n
e
r
a
t
i
n
g
 
E
l
e
c
t
r
i
c
i
t
y

(
C
o
n
t
i
n
u
e
d
)

4
.
1

1
5

O
v
e
r
 
t
h
e
 
l
a
s
t
 
5
0
 
y
e
a
r
s
,
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y
 
o
f
 
e
l
e
c
t
r
i
c
 
g
e
n
e
r
a
t
o
r
s
 
h
a
s
 
c
o
n
s
t
a
n
t
l
y
 
i
m
p
r
o
v
e
d
.

T
o
d
a
y
,
 
a
 
g
o
o
d
 
g
e
n
e
r
a
t
i
n
g
 
s
t
a
t
i
o
n
 
c
a
n
 
c
o
v
e
r
t
 
a
b
o
u
t
 
3
5
 
-
 
4
0
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
e
n
e
r
g
y
 
i
n

c
o
a
l
 
i
n
t
o
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
t
a
 
w
i
l
l
 
h
e
l
p
 
s
t
u
d
e
n
t
s
 
r
e
a
l
i
z
e
 
h
o
w

g
e
n
e
r
a
t
i
n
g
 
p
l
a
n
t
s
.
h
a
v
e
 
i
m
p
r
o
v
e
d
.

S
t
u
d
e
n
t
s
 
m
a
y
 
w
i
s
h
 
t
o
 
g
r
a
p
h
 
t
h
i
s
 
d
a
t
a
.

A
p
p
r
o
x
i
m
a
t
e
 
C
o
s
t
 
f
o
r
 
E
a
c
h

Y
e
a
r

K
.
7
1
1
-
o
f
 
E
l
e
c
t
r
i
c
i
t
y
 
P
r
o
d
u
c
e
d

1
9
2
4

1
5
 
c
e
n
t
s

1
9
2
6

1
2
 
c
e
n
t
s

1
9
2
8

8
 
c
e
n
t
s

1
9
3
0

5
.
5
 
c
e
n
t
s

1
9
3
2

5
 
c
e
n
t
s

1
9
3
4

4
.
5
 
c
e
n
t
s

1
9
3
6

4
.
2
5
 
c
e
n
t
s

1
9
3
3

4
 
c
e
n
t
s

1
9
4
0

3
.
9
 
c
e
n
t
s

1
9
7
2

2
.
2
5
 
c
e
n
t
s

T
h
i
s
 
d
a
t
a
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e
 
r
a
p
i
d
 
i
m
p
r
o
v
e
m
e
n
t
 
i
n
 
e
f
f
i
c
i
e
n
c
y
 
d
u
r
i
n
g
 
t
h
e
 
e
a
r
l
y
 
y
e
a
r
s
 
o
f

e
l
e
c
t
r
i
c
a
l
 
p
r
o
d
u
c
t
i
o
n
.

A
l
s
o
,
 
b
r
i
n
g
 
c
-
u
t
 
t
h
a
t
 
d
u
r
i
n
g
 
t
h
i
s
 
s
a
m
e
 
t
i
m
e
 
p
e
r
i
o
d
 
m
o
s
t
 
t
h
i
n
g
s

w
e
r
e
 
i
n
c
r
e
a
s
i
n
g
 
i
n
 
v
a
l
u
e
 
b
u
t
 
t
h
e
 
c
o
s
t
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
w
a
s
 
d
e
c
r
e
a
s
i
n
g
.

.
o
1
=
r
e
v
e
r
i
 
e
l
e
c
t
r
i
c
a
l

p
r
o
d
u
c
i
n
g
 
c
o
m
p
a
n
i
e
s
 
n
o
w
 
f
e
e
l
 
t
h
e
 
c
o
s
t
 
f
o
r
 
e
l
e
c
t
r
i
c
i
t
y
 
w
i
l
l
 
b
e
g
i
n
n
i
n
g
 
i
n
c
r
e
a
s
i
n
g
 
a
n
d
 
t
h
e

i
n
c
r
e
a
s
e
 
w
i
l
l
 
c
o
n
t
i
n
u
e
 
i
n
d
e
f
i
n
i
t
e
l
y
.

H
a
r
d
 
t
o
 
o
b
t
a
i
n
 
f
u
e
l
s
 
a
n
d
 
t
h
e
 
n
e
e
d
 
f
o
r
 
m
o
r
e

p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
d
e
v
i
c
e
s
 
a
c
c
o
u
n
t
 
f
o
r
 
t
h
e
s
e
 
e
x
p
e
c
t
e
d
 
i
n
c
r
e
a
s
e
s
.

F
h
y
 
d
o
 
w
e
 
g
e
n
e
r
a
t
e
 
e
l
e
c
t
r
i
c
i
t
y
?

E
l
e
c
t
r
i
c
i
t
y
 
i
t
s
e
l
f
 
i
s
 
n
o
t
 
a
 
u
s
e
f
u
l
 
f
o
r
m
 
o
f
 
e
n
e
r
g
y

i
n
 
o
u
r
 
d
a
i
l
y
 
l
i
v
e
s
.

H
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
t
h
i
n
k
 
a
b
o
u
t
 
t
h
e
 
"
r
e
a
l
"
 
f
o
r
m
 
o
f
 
e
n
e
r
g
y
 
t
h
e
y

u
s
e
 
i
n
 
t
h
e
i
r
 
l
i
v
e
s
.

T
h
e
y
 
u
s
e
 
h
e
a
t
 
e
n
e
r
g
y
 
t
o
 
k
e
e
p
 
w
a
r
m
,
 
t
h
e
y
 
u
s
e
 
m
o
t
i
o
n
 
e
n
e
r
g
y
 
t
o
 
m
o
v
e

t
h
e
m
s
e
l
v
e
s
 
a
n
d
 
m
a
c
h
i
n
e
s
,
 
a
n
d
 
t
h
e
y
 
u
s
e
 
l
i
g
h
t
 
e
n
e
r
g
y
 
t
o
 
s
e
e
 
b
y
.

D
o
 
w
e
 
u
s
e
 
a
n
y
 
o
t
h
e
r

f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
?

T
h
e
 
n
e
x
t
 
q
u
e
s
t
i
o
n
 
t
o
 
t
h
i
n
k
 
a
b
o
u
t
 
i
s
 
w
h
a
t
 
i
s
 
t
h
e
 
"
b
e
s
t
"
 
w
a
y
 
t
o
 
g
e
t
 
t
h
e
 
e
n
e
r
g
y
 
f
r
o
m

i
t
s
 
r
a
w
 
s
o
u
r
c
e
 
i
n
t
o
 
t
h
e
 
p
l
a
c
e
s
 
a
n
d
 
f
o
r
m
s
 
f
o
r
 
o
u
r
 
u
s
a
g
e
.

T
h
e
 
a
n
s
w
e
r
 
f
o
r
 
t
h
i
s
 
q
u
e
s
t
i
o
n

c
a
n
 
o
f
t
e
n
 
b
e
 
e
l
e
c
t
r
i
c
i
t
y
 
a
n
d
 
f
o
r
 
t
h
i
s
 
r
e
a
s
o
n
,
 
w
e
 
c
o
n
v
e
r
t
 
a
 
l
a
r
g
e
 
p
o
r
t
i
o
n
 
o
f
 
c
u
r
 
e
n
e
r
g
y

f
i
r
s
t
 
i
n
t
o
 
e
l
e
c
t
r
i
c
i
t
y
 
t
h
e
n
 
i
n
t
o
 
i
t
s
 
f
i
n
a
l
 
u
s
e
d
 
f
o
r
m
.

S
o
m
e
 
c
o
a
l
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
i
s

u
s
e
d
 
d
i
r
e
c
t
l
y
 
f
o
r
 
p
r
o
d
u
c
i
n
g
 
h
e
a
t
 
e
n
e
r
g
y
 
i
n
 
o
u
r
 
h
o
m
e
s
.

G
a
s
o
l
i
n
e
,
 
a
 
p
a
r
t
 
o
f
 
c
r
u
d
e
 
o
i
l
,

i
s
 
u
s
e
d
 
i
n
 
m
o
t
o
r
s
 
t
o
 
p
r
o
d
u
c
e
 
n
o
t
i
o
n
 
p
o
w
e
r
.

B
u
t
 
e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
s
t
i
l
l
 
t
h
e
 
m
o
s
t
 
c
o
n
-

v
e
n
i
e
n
t
 
f
o
r
m
 
t
o
 
t
r
a
n
s
p
o
r
t
 
e
n
e
r
g
y
 
f
o
r
 
m
o
s
t
 
u
s
e
s
.
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E
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4
.
3

C
h
a
n
g
i
n
g
 
E
l
e
c
t
r
i
c
a
l

E
n
e
r
g
y
 
I
n
t
o
 
H
e
a
t

A
n
d
 
L
i
g
h
t

4
,
4

C
h
a
n
g
i
n
g
 
G
a
s
o
l
i
n
e

(
C
h
e
m
i
c
a
l
 
E
n
e
r
g
y
)

I
n
t
o
 
'
n
o
t
i
o
n
 
E
n
e
r
g
y

4
.
2

S
t
u
d
e
n
t
s
 
n
e
e
d
 
t
o
 
r
e
a
l
i
z
e
 
t
h
a
t
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
i
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
m
o
t
i
o
n

e
n
e
r
g
y
 
b
y

e
l
e
c
t
r
i
c
a
l
 
m
o
t
o
r
s
.

A
n
 
e
l
e
c
t
r
i
c
 
m
o
t
o
r
 
i
s
 
c
o
n
s
t
r
u
c
t
e
d
 
n
e
a
r
l
y
 
t
h
e
 
s
a
m
e

w
a
y
 
a
s
 
a
n

e
l
e
c
t
r
i
c
a
l
 
g
e
n
e
r
a
t
o
r
.

I
n
s
t
e
a
d
 
o
f
 
u
s
i
n
g
 
m
o
t
i
o
n
 
e
n
e
r
g
y
 
t
o
 
t
u
r
n
 
t
h
e
 
m
a
g
n
e
t
 
a
n
d
 
p
r
o
d
u
c
e

e
l
e
c
t
r
i
c
i
t
y
,
 
y
o
u
 
u
s
e
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
t
o
 
c
a
u
s
e
 
t
h
e
 
m
a
g
n
e
t
 
t
o
 
t
u
r
n
 
w
h
i
c
h
 
i
s

c
o
n
n
e
c
t
e
d

t
o
 
t
h
e
 
m
o
t
o
r
 
s
h
a
f
t
.

T
h
i
s
 
c
a
n
 
b
e
 
d
e
m
o
n
s
t
r
a
t
e
d
 
b
y
 
r
u
n
n
i
n
g
 
a
l
i
y
 
e
l
e
c
t
r
i
c
a
l
 
T
r
o
t
o
r
.

A
s
 
t
h
e
 
s
t
u
d
e
n
t
s
 
o
b
s
e
r
v
e

t
h
e
 
m
o
t
o
r
 
r
u
n
,
 
h
a
v
e
 
t
h
e
m
 
e
x
p
l
a
i
n
 
h
o
w
 
e
n
e
r
g
y
 
i
s
 
c
h
a
n
g
i
n
g
 
f
o
r
m
.

4
.
3

S
t
u
d
e
n
t
s
 
n
e
e
d
 
t
o
 
r
e
a
l
i
z
e
 
t
h
a
t
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
c
a
n
 
b
e
 
c
h
a
n
g
e
d
 
i
n
t
o
 
h
e
a
t

e
n
e
r
g
y
 
a
n
d

l
i
g
h
t
 
e
n
e
r
g
y
.

T
o
a
s
t
e
r
s
,
 
i
r
o
n
s
,
a
n
d
 
e
l
e
c
t
r
i
c
.
 
r
a
n
g
e
s
 
a
r
e
 
e
x
a
m
p
l
e
s
 
o
f
 
e
l
e
c
t
r
i
c
a
l

e
n
e
r
g
y

b
e
i
n
g
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
h
e
a
t
 
e
n
e
r
g
y
.

L
i
g
h
t
 
b
u
l
b
s
 
a
r
e
 
t
y
p
i
c
a
l
 
e
x
a
m
p
l
e
s
 
o
f
 
e
l
e
c
t
r
i
c
a
l

e
n
e
r
g
y
 
b
e
i
n
g
 
e
o
n
v
e
r
t
e
d
 
i
n
t
o
 
l
i
g
h
t
 
e
n
e
r
g
y
.
.

B
o
t
h
 
o
f
 
t
h
e
s
e
 
c
o
n
v
e
r
s
i
o
n
s
 
i
n
v
o
l
v
e
 
t
h
e
 
s
a
m
e
 
b
a
s
i
c

p
r
o
c
e
s
s
.

I
f
 
y
o
u
 
m
a
k
e
 
i
t
 
h
a
r
d
 
f
o
r

e
l
e
c
t
r
i
c
i
t
y
,
 
t
o
 
m
o
v
e
 
t
h
r
o
u
g
h
 
a
 
w
i
r
e
,
 
t
h
e
 
e
l
e
c
t
r
i
c
i
t
y
 
c
h
a
n
g
e
s

t
o
 
h
e
a
t
,
 
t
h
e
n
 
i
f
 
t
h
e
 
w
i
r
e

g
e
t
.
 
h
o
t
 
e
n
o
u
g
h
 
i
t
 
p
r
o
d
u
c
e
s
 
l
i
g
h
t
.
.
 
S
t
u
d
e
n
t
s
 
c
a
n
 
o
b
s
e
r
v
e
 
t
h
i
s
 
w
i
t
h
 
e
i
t
h
e
r
 
c
l
e
a
r
 
l
i
g
h
t

b
l
u
b
s
 
o
r
 
a
n
 
o
l
d
 
s
t
y
l
e
 
t
o
a
s
t
e
r
 
w
h
e
r
e
 
y
o
u
 
c
a
n

s
e
e
 
t
h
e
 
h
e
a
t
i
n
g
 
e
l
e
m
e
n
t

4
.
4

T
h
i
s
 
a
c
t
i
v
i
t
y
 
w
i
l
l
 
i
n
c
r
e
a
s
e
 
s
t
u
d
e
n
t
 
a
w
a
r
e
n
e
s
s
 
o
f
 
h
o
w
 
c
h
e
m
i
c
a
l

e
n
e
r
g
y
 
c
a
n
 
b
e
 
c
h
a
n
g
e
d

i
n
t
o
 
m
o
t
i
o
n
 
e
n
e
r
g
y
.

A
 
t
y
p
i
c
a
l
 
e
x
a
m
p
l
e
 
i
s
 
i
l
l
u
s
t
r
a
t
e
d
 
i
n
 
t
h
e
 
o
p
e
r
a
t
i
o
n
 
o
f
 
t
h
e

a
u
t
o
m
o
b
i
l
e
 
e
n
g
i
n
e
.

T
h
e
 
c
h
e
m
i
c
a
l
s
 
i
n
.
g
a
s
o
l
i
n
e
 
b
u
r
n
 
v
e
r
y
 
e
a
s
i
l
y
.

W
h
e
n
 
t
h
e
 
g
a
s
o
l
i
n
e

b
u
r
n
s
,
 
i
t
 
h
e
a
t
s
 
t
h
e
 
s
u
r
r
o
u
n
d
i
n
g
 
a
i
r
.

A
s
 
a
i
r
 
i
s
 
h
e
a
t
e
d
 
i
t
 
e
x
p
a
n
d
s
.

I
n
s
i
d
e
 
t
h
e

a
u
t
o
m
o
b
i
l
e
 
e
n
g
i
n
e
,
 
t
h
e
 
e
x
p
a
n
d
i
n
g
 
a
i
r
 
c
a
u
s
e
s
 
p
r
e
s
s
u
r
e
 
w
h
i
c
h
 
i
n

t
u
r
n
 
p
u
s
h
e
s
 
a
 
p
i
s
t
o
n

d
o
w
n
.

T
h
e
 
d
o
w
n
w
a
r
d
 
m
o
t
i
o
n
 
o
f
 
t
h
e
 
p
i
s
t
o
n
 
i
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
c
i
r
c
u
l
a
r
 
m
o
t
i
o
n
 
t
h
a
t

t
u
r
n
s

t
h
e
 
w
h
e
e
l
s
.

B
y
 
r
e
p
e
a
t
i
n
g
 
t
h
i
s
 
p
r
o
c
e
s
s
 
o
v
e
r
 
a
n
d
 
o
v
e
r
 
w
i
t
h
i
n
 
e
a
c
h
 
c
y
l
i
n
d
e
r
,
 
t
h
e
 
e
n
g
i
n
e

c
o
n
t
i
n
u
e
s
 
t
o
 
r
u
n
 
a
n
d
 
p
r
o
v
i
d
e
s
 
a
 
c
o
n
t
i
n
u
o
u
s
 
p
o
w
e
r
 
t
o
 
t
h
e
 
w
h
e
e
l
s
.

S
o
m
e
 
s
t
u
d
e
n
t
s
 
m
a
y

h
a
v
e
 
a
 
p
l
a
s
t
i
c
 
m
o
d
e
l
 
o
f
 
a
n
 
e
n
g
i
n
e
 
t
h
a
t
 
h
e
 
c
a
n
 
b
r
i
n
g
 
t
o
 
s
c
h
o
o
l
 
a
n
d
 
d
e
m
o
n
s
t
r
a
t
e

i
n
 
m
o
r
e

d
e
t
a
i
l
 
h
o
w
 
g
a
s
o
l
i
n
e
 
i
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
m
o
t
i
o
n
.

1
6

T
h
e
 
e
x
p
a
n
s
i
o
n
 
o
f
 
a
i
r
 
a
s
 
i
t
 
w
a
r
m
s

c
a
n
 
b
e
 
i
l
l
u
s
t
r
a
t
e
d
.

B
l
o
w
 
a
 
b
a
l
l
o
o
n
 
p
a
r
t
i
a
l
l
y
 
u
p

a
n
d
 
c
o
o
l
 
i
t
 
s
o
 
t
h
e
 
a
i
r
 
i
n
s
i
d
e
 
i
s
 
r
e
l
a
t
i
v
e
l
y
 
c
o
o
l
.

R
e
c
o
r
d
 
i
t
s
 
s
i
z
e
 
b
y
 
s
e
e
i
n
g
 
h
o
w
 
l
o
n
g

o
f
 
a
 
s
t
r
i
n
g
 
i
s
 
r
e
q
u
i
r
e
d
 
t
o
 
g
o
 
a
r
o
u
n
d
 
i
t
.

P
l
a
c
e
 
t
h
e
 
b
a
l
l
o
o
n
 
i
n
 
a
 
w
a
r
m
 
p
l
a
c
e
 
u
n
t
i
l
 
t
h
e

a
i
r
 
i
n
s
i
d
e
 
h
a
s
 
i
n
c
r
e
a
s
e
d
 
i
n
 
t
e
m
p
e
r
a
t
u
r
e
 
t
h
e
n
m
e
a
s
u
r
e
 
i
t
s
 
c
i
r
c
u
m
f
e
r
e
n
c
e
 
a
g
a
i
n
 
a
n
d
 
c
o
m
p
a
r
e
.

O
f
 
c
o
u
r
s
e
,
 
i
n
s
i
d
e
 
a
n
 
e
n
g
i
n
e
 
t
h
i
s
 
c
h
a
n
g
e

o
c
c
u
r
s
 
m
u
c
h
 
m
o
r
e
 
r
a
p
i
d
l
y
.
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i
n
g
 
C
r
u
d
e
 
O
i
l

I
n
t
o
 
U
s
a
b
l
e
 
E
n
e
r
g
y
 
F
o
r
m
s

C
a
r
s
 
C
u
l
p
 
M
o
s
t
 
D
i
l

4
.
5

1
7

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
t
h
r
e
e
 
c
o
m
o
n
,
 
u
s
a
b
l
e
 
f
o
r
m
s

o
f
 
e
n
e
r
g
y
 
p
r
o
d
u
c
e
d
 
f
r
o
m
 
c
r
u
d
e
 
o
i
l
 
a
n
d
 
b
e
 
a
b
l
e
 
t
o
 
b
r
i
e
f
l
y
 
d
e
s
c
r
i
b
e
 
h
o
w
 
t
h
e
s
e
 
p
r
o
d
u
c
t
s

a
r
e
 
e
x
t
r
a
c
t
e
d
 
f
r
o
m
 
t
h
e
 
c
r
u
d
e
 
o
i
l
.

M
a
n
 
h
a
s
 
k
n
o
w
n
 
?
L
o
u
t
 
c
r
u
d
e
 
o
i
l
 
f
o
r
 
m
a
n
y
 
y
e
a
r
s
.

B
e
f
o
r
e
 
d
r
i
l
l
i
n
g
 
f
o
r
 
o
i
l
,
 
s
t
a
r
t
e
d
 
i
n

1
3
5
9
,
 
t
h
e
r
e
 
w
e
r
e
 
p
l
a
c
e
s
 
w
h
e
r
e
 
o
i
l
 
s
e
e
p
e
d
 
o
u
t
 
o
f
 
t
h
e
 
g
r
o
u
n
d
.

M
e
n
 
w
o
u
l
d
 
c
o
l
l
e
c
t
 
o
i
l

f
r
o
m
 
t
h
e
s
e
 
s
e
e
p
s
 
a
n
d
 
u
s
e
 
i
t
 
f
o
r
 
l
u
b
r
i
c
a
t
i
n
g
 
m
a
c
h
i
n
e
s
 
a
n
d
 
b
u
r
n
i
n
g
 
f
o
r
 
l
i
g
h
t
.

W
h
e
n

c
r
u
d
e
 
o
i
l
 
i
s
 
b
u
r
n
e
d
 
i
t
 
p
r
o
d
u
c
e
s
 
a
 
l
o
t
 
o
f
 
s
m
o
k
e
.

W
h
e
n
 
c
r
u
d
e
 
o
i
l
 
i
s
 
p
u
m
p
e
d
 
f
r
o
m
 
t
h
e

g
r
o
u
n
d
,
 
i
t
 
i
s
 
n
o
t
 
v
e
r
y
 
u
s
a
b
l
e
.

T
o
d
a
y
,
 
b
y
 
r
e
f
i
n
i
n
g
 
t
h
e
 
c
r
u
d
e
 
o
i
l
,
 
s
e
p
a
r
a
t
i
n
g
 
t
h
e

c
r
u
d
e
 
o
i
l
 
i
n
t
o
 
d
i
f
f
e
r
e
n
t
:
 
s
u
b
s
t
a
n
c
e
s
,
 
w
e
 
a
r
e
 
a
b
l
e
 
t
o
 
u
s
e
 
i
t
 
m
a
n
y
 
d
i
f
f
e
r
e
n
t
 
w
a
y
s
.

C
r
u
d
e
 
o
i
l
 
c
o
m
i
n
g
 
f
r
o
m
 
t
h
e
 
g
r
o
u
n
d
 
i
s
 
a
 
m
i
x
t
u
r
e
 
o
f
 
m
a
n
y
 
d
i
f
f
e
r
e
n
t
 
s
u
b
s
t
a
n
c
e
s
.

I
n
 
a

r
e
f
i
n
e
r
y
,
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
s
u
b
s
t
a
n
c
e
s
 
a
r
e
 
s
e
p
a
r
a
t
e
d
 
a
s
 
t
h
e
 
c
r
u
d
e
 
o
i
l
 
i
s
 
h
e
a
t
e
d
.

H
e
a
t
i
n
g

c
a
u
s
e
s
 
t
h
e
 
s
u
b
s
t
a
n
c
e
s
 
t
o
 
c
h
a
n
g
e
 
i
n
t
o
 
g
a
s
e
s
 
a
n
d
 
e
v
a
p
o
r
a
t
e
 
a
b
o
v
e
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
l
i
q
u
i
d
.

T
h
e
 
e
v
a
p
o
r
a
t
e
d
 
s
u
b
s
t
a
n
c
e
 
i
s
 
c
o
l
l
e
c
t
e
d
 
a
n
d
 
s
t
o
r
e
d
 
f
o
r
 
s
e
l
l
i
n
g
.

E
a
c
h
 
k
i
n
d
 
o
f
 
s
u
b
s
t
a
n
c
e

e
v
a
p
o
r
a
t
e
s
 
a
t
 
a
 
d
i
f
f
e
r
e
n
t
 
t
e
m
p
e
r
a
t
u
r
e
,
 
t
h
u
s
 
a
l
l
o
w
i
n
g
 
t
h
e
m
 
t
o
 
b
e
 
s
e
p
a
r
a
t
e
d
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
i
a
g
r
a
m
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e
 
g
e
n
e
r
a
l
 
p
e
r
c
e
n
t
a
g
e
s
 
a
n
d
 
s
u
b
s
t
a
n
c
e
s
 
t
h
a
t

a
r
e

n
o
r
m
a
l
l
y
 
s
e
p
a
r
a
t
e
d
 
f
r
o
m
 
a
 
b
a
r
r
e
l
 
o
f
 
o
i
l
.

T
h
e
 
c
h
a
r
t
 
o
f
 
f
i
g
u
r
e
s
 
p
r
o
v
i
d
e
d
 
b
y

t
h
e
 
P
e
t
r
o
l
e
u
m
 
I
n
d
u
s
t
r
y
 
R
e
s
e
a
r
c
h

F
o
u
n
d
a
t
i
o
n
 
s
h
o
w
e
d
 
t
h
e
 
u
s
e
s
,
 
b
y

p
e
r
c
e
n
t
a
g
e
,
 
o
f
 
o
i
l
 
c
o
n
s
u
m
e
d
 
i
n

t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
.

W
H
E
R
E
 
T
H
E
 
O
I
L
 
G
O
E
S

1
 
B
a
r
r
e
l
 
=
 
4
2
 
g
a
l
l
o
n
s

G
a
s
o
l
i
n
e
 
f
o
r
 
C
a
r
s

D
i
s
t
i
l
l
a
t
e
 
O
i
l
s

(
L
i
g
h
t
 
f
u
e
l
 
f
o
r
 
h
o
r
s
e
 
h
e
a
t
i
n
g
,

d
i
e
s
e
l
 
o
i
l
)

J
e
t
 
F
u
e
l

R
e
s
i
d
u
a
l
 
O
i
l
s

-
-
-
-
 
4
7
%

2
4
%

(
H
e
a
v
y
 
f
u
e
l
 
f
o
r
 
i
n
d
u
a
c
h
e
m
i
c
a
l
s
_
l
_
_
_

9
%

L
u
b
r
i
c
a
t
i
n
g
 
o
i
l
s
 
(
G
r
e
a
s
e
,
 
e
t
c
.
)
,

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
k
.
.
-
-
-
-
3
%

P
e
t
r
o
l
e
u
m
 
t
o
 
O
p
e
r
a
t
e
 
R
e
f
i
n
e
r
i
e
s

_

-
-
"
"
-
-
-
-
.
4
L
-
.
.
.
.
.
-
-
-

1
0
0
7
,



4
.
5

C
o
n
v
e
r
t
i
n
g
 
C
r
u
d
e
 
O
i
l

I
n
t
o
 
U
s
a
b
l
e
 
E
n
e
r
g
y
 
F
o
r
m
s

(
C
o
n
t
i
n
u
e
d
)

4
.
5

S
a
m
p
l
e
s
 
o
f
 
c
r
u
d
e
 
o
i
l
c
a
n
 
b
e
 
d
i
s
t
i
l
l
e
d
 
i
n
 
t
h
e
 
c
l
a
s
s
r
o
o
m
 
t
o
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
e
 
r
e
f
i
n
i
n
g

p
r
o
c
e
s
s
,
 
b
u
t
 
e
x
t
r
e
m
e
 
c
a
u
t
i
o
n
 
w
i
l
l
 
n
e
e
d
 
t
o
 
b
e
 
p
r
a
c
t
i
c
e
d
 
d
u
e

t
o
 
t
h
e
 
f
l
a
m
a
b
i
l
i
t
y
 
o
f

s
o
n
e
 
p
a
r
t
s
 
o
f
 
t
h
e
 
o
i
l
.

T
h
e
 
c
o
n
c
e
p
t
 
o
f
 
r
e
f
i
n
i
n
g
 
c
a
n
 
a
l
s
o
 
b
e
 
d
e
m
o
n
s
t
r
a
t
e
d

b
y
 
u
s
i
n
g

c
o
l
o
r
e
d
 
w
a
t
e
r
.

U
s
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
s
e
t
u
p
.

P
y
r
e
x

C
o
n
t
a
i
n
e
r

H
o
s
e
 
f
o
r

,
-
-
-
-
-
 
C
o
l
l
e
c
t
i
n
g
 
V
a
p
o
r

J
r
.
,

S
a
m
p
l
e
 
t
o
 
b
e

D
i
s
t
i
l
l
e
d

H
e
a
t

S
o
u
r
c
e

D
i
s
t
i
l
l
e
d

S
a
m
p
l
e

C
o
l
l
e
c
t
i
n
g

C
o
n
t
a
i
n
e
r

C
o
n
t
a
i
n
e
r
 
o
f

C
o
l
d
 
W
a
t
e
r

A
s
 
t
h
e
 
w
a
t
e
r
 
i
s
 
h
e
a
t
e
d
 
i
t
 
t
u
r
n
s
 
i
n
t
o
v
a
p
o
r
.

T
h
e
 
v
a
p
o
r
 
i
s
 
c
o
l
l
e
c
t
e
d
 
a
n
d
 
c
o
o
l
e
d
 
c
a
u
s
i
n
g

i
t
 
t
o
 
t
u
r
n
 
b
a
c
k
 
i
n
t
o
 
a
,
l
i
q
u
i
d
.

I
f
 
t
h
e
 
s
a
m
p
l
e
 
w
a
s
 
c
r
u
d
e
 
o
i
l
,
 
o
n
e
 
k
i
n
d
 
o
f
 
s
u
b
s
t
a
n
c
e

w
o
u
l
d
 
c
o
l
l
e
c
t
 
a
t
 
a
 
g
i
v
e
n
 
t
e
m
p
e
r
a
t
u
r
e
.

W
h
e
n
 
a
l
l
 
o
f
 
t
h
a
t
 
s
u
b
s
t
a
n
c
e
 
w
a
s
 
d
r
i
v
e
n
 
o
u
t
,

t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
.
w
o
u
l
d
 
g
o

u
p
 
a
n
d
 
a
 
d
i
f
f
e
r
e
n
t
 
k
i
n
d
 
o
f
 
s
u
b
s
t
a
n
c
e
 
w
o
u
l
d
 
e
v
a
p
o
r
a
t
e
 
a
n
d

c
o
u
l
d
 
b
e
 
c
o
l
l
e
c
t
e
d
.

T
h
i
s
 
w
o
u
l
d
 
c
o
n
t
i
n
u
e
 
u
n
t
i
l
 
a
l
l
 
t
h
e
 
s
u
b
s
t
a
n
c
e
s
w
e
r
e
 
s
e
p
a
r
a
t
e
d
.

W
o
u
l
d
 
y
o
u
 
e
x
p
e
c
t
 
s
u
b
s
t
a
n
c
e
s
 
w
i
t
h
 
h
i
g
h

o
r
 
l
o
w
 
b
o
i
l
i
n
g
 
t
e
m
p
e
r
a
t
u
r
e
s
 
t
o
 
s
e
p
a
r
a
t
e
 
f
i
r
s
t
?

R
e
f
i
n
e
r
i
e
s
 
c
a
n
 
a
l
s
o
 
c
h
a
n
g
e

o
n
e
 
s
u
b
s
t
a
n
c
e
 
i
n
t
o
 
a
n
o
t
h
e
r
.

F
o
r
 
i
n
s
t
a
n
c
e
,
 
i
f
 
t
h
e
y
 
n
e
e
d

m
o
r
e
 
h
o
m
e
 
h
e
a
t
i
n
g
 
o
i
l
,
 
t
h
e
y
 
c
a
n
 
t
a
k
e
 
g
a
s
o
l
i
n
e
 
a
n
d

p
r
o
c
e
s
s
 
i
t
 
i
n
t
o
 
h
o
m
e
 
h
e
a
t
i
n
g
 
o
i
l
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
t
a
 
p
r
e
s
e
n
t
s

s
o
m
e
 
o
f
 
t
h
e
 
p
r
o
d
u
c
t
s
 
s
e
p
a
r
a
t
e
d
 
f
r
o
m
 
c
r
u
d
e
 
o
i
l
 
a
n
d
 
t
h
e

a
p
p
r
o
x
i
m
a
t
e
 
t
e
m
p
e
r
a
t
u
r
e
s
 
a
t
 
w
h
i
c
h
 
t
h
e
 
s
e
p
a
r
a
t
i
o
n

o
c
c
u
r
s
.

F
a
h
r
e
n
h
e
i
t

C
e
n
t
i
g
r
a
d
e

P
r
o
p
a
n
e

-
4
4
0

-
4
2
°

E
u
t
a
n
e

3
2
°

0
0

G
a
s
o
l
i
n
e

2
5
9
°

1
2
6
°

K
e
r
o
s
e
n
e

3
9
2
°

2
0
0
0

D
i
e
s
e
l

4
3
2
(
0
)

2
5
0
°

L
u
b
r
i
c
a
n
t
 
O
i
l

6
6
2

3
5
0
°

W
a
x
,
 
A
s
p
h
a
l
t
,

a
n
d
 
O
t
h
e
r
 
H
e
a
v
y
 
M
a
t
e
r
i
a
l

8
4
2
°

4
5
0
°

1
8



T
O
P
I
C
 
V
:

W
A
Y
S
 
W
E
 
C
A
N
 
C
O
N
S
E
R
V
E
 
E
N
E
R
G
Y

5
.
0

5
.
0

I
n
t
r
o
d
u
c
t
i
o
n

T
h
e
 
l
i
f
e
-
s
t
y
l
e
,
 
o
r
 
w
a
y
 
a
 
p
e
r
s
o
n
 
l
i
v
e
s
,
 
i
s
 
d
i
r
e
c
t
l
y
 
r
e
l
a
t
e
d
 
t
o
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y

h
e
 
c
a
n
 
c
o
n
t
r
o
l
 
a
n
d
 
h
a
v
e
 
a
v
a
i
l
a
b
l
e
.

T
h
e
 
l
i
f
e
-
s
t
y
l
e
 
o
f
 
a
 
p
r
i
m
i
t
i
v
e
 
t
r
i
b
e
,
 
o
r
 
t
h
e
 
l
i
f
e
-

s
t
y
l
e
 
o
f
 
A
m
e
r
i
c
a
n
s
 
1
5
0
 
y
e
a
r
s
 
a
g
o
,
 
i
s
 
v
e
r
y
 
c
l
o
s
e
l
y
 
r
e
l
a
t
e
d
 
t
o
 
h
i
s
 
b
o
d
y
 
e
n
e
r
g
y
,

e
n
e
r
g
y

f
r
o
m
 
b
u
r
n
i
n
g
 
w
o
o
d
,
 
a
n
d
 
t
h
e
 
e
n
e
r
g
y
 
o
f
 
t
h
e
 
a
n
i
m
a
l
s
 
h
e
 
c
o
n
t
r
o
l
s
.

T
o
d
a
y
,
 
A
m
e
r
i
c
a
n
s
 
c
a
n

c
o
n
t
r
o
l
 
l
a
r
g
e
 
q
u
a
n
t
i
t
i
e
s
 
o
f
 
e
n
e
r
g
y
 
b
y
 
f
l
i
p
p
i
n
g
 
s
w
i
t
c
h
e
s
 
a
n
d
 
t
u
r
n
i
n
g
 
k
n
o
b
s

o
n
 
m
a
c
h
i
n
e
s
.

5
.
1

W
h
y
 
B
e
 
C
o
n
c
e
r
n
e
d

A
b
o
u
t
 
S
a
v
i
n
g
 
E
n
e
r
g
y

1
9

T
h
i
s
 
t
o
p
i
c
 
w
i
l
l
 
d
i
s
c
u
s
s
 
s
o
m
e
 
w
a
y
s
 
w
e
 
c
a
n
 
r
e
d
u
c
e
 
o
u
r
 
d
e
m
a
n
d
 
f
o
r
 
e
n
e
r
g
y
 
w
i
t
h
o
u
t
 
g
o
i
n
g

b
a
c
k
 
t
o
 
t
h
e
 
l
i
f
e
-
s
t
y
l
e
 
o
f
 
o
u
r
 
a
n
c
e
s
t
o
r
s
.
.

O
f
 
c
o
u
r
s
e
,
 
a
n
y
 
r
e
d
u
c
t
i
o
n
 
i
n
 
e
n
e
r
g
y
 
w
i
l
l

r
e
q
u
i
r
e
 
c
h
a
n
g
e
s
 
i
n
 
o
u
r
 
l
i
f
e
-
s
t
y
l
e
s
 
o
r
 
h
a
b
i
t
s
.

S
o
m
e
t
i
m
e
s
,
 
t
h
e
s
e
 
c
h
a
n
g
e
s
 
a
r
e
 
s
a
i
d
 
t
o

r
e
s
u
l
t
 
f
r
o
m
 
p
e
o
p
l
e
 
d
e
v
e
l
o
p
i
n
g
 
a
n
 
e
n
e
r
g
y
 
e
t
h
i
c
 
o
r
 
a
t
t
i
t
u
d
e
.

A
n
 
i
m
p
o
r
t
a
n
t
 
p
o
i
n
t
 
t
o

e
m
p
h
a
s
i
z
e
 
w
i
t
h
 
s
t
u
d
e
n
t
s
 
i
s
 
t
h
a
t
 
i
f
 
e
a
c
h
 
p
e
r
s
o
n
 
s
a
v
e
s
 
j
u
s
t
 
a
 
l
i
t
t
l
e
 
e
n
e
r
g
y
 
t
h
a
t
 
w
h
e
n

m
u
l
t
i
p
l
i
e
d
 
b
y
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
p
e
o
p
l
e
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
t
h
a
t
 
a
m
o
u
n
t
s
 
t
o

a
 
l
a
r
g
e
 
q
u
a
n
t
i
t
y

o
f
 
e
n
e
r
g
y
.

F
o
r
 
e
x
a
m
p
l
e
,
 
i
f
 
e
a
c
h
 
c
a
r
 
d
r
i
v
e
n
 
s
a
v
e
d
 
o
n
e
 
g
a
l
l
o
n
 
o
f
 
g
a
s
o
l
i
n
e
 
e
a
c
h
 
d
a
y
,

t
h
e
r
e
 
w
o
u
l
d
 
b
e
 
a
r
o
u
n
d
 
1
5
0
 
m
i
l
l
i
o
n
 
g
a
l
l
o
n
s
 
o
f
 
g
a
s
o
l
i
n
e
 
e
n
e
r
g
y
 
s
a
v
e
d
 
e
a
c
h
 
d
a
y
.

5
.
1

S
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
t
h
r
e
e
 
f
a
c
t
o
r
s
 
t
h
a
t
 
h
a
v
e
 
c
a
u
s
e
d
 
t
h
e
 
e
n
e
r
g
y
 
c
r
i
s
i
s
 
a
f
t
e
r

s
t
u
d
y
i
n
g
 
t
h
i
s
 
a
c
t
i
v
i
t
y
.

D
e
b
a
t
i
n
g
 
t
h
e
 
"
r
e
a
l
n
e
s
s
"
 
o
f
 
o
u
r
 
p
r
e
s
e
n
t
 
e
n
e
r
g
y
 
c
r
i
s
i
s
 
i
s

n
e
a
r
l
y
 
u
s
e
l
e
s
s
,
 
e
x
c
e
p
t
 
a
s
 
a
 
s
t
u
d
y
 
o
f
 
h
o
w
.
.
o
u
r
 
g
o
v
e
r
n
m
e
n
t
,

e
c
o
n
o
m
y
,
 
i
n
d
u
s
t
r
y
,
 
a
n
d
 
p
e
r
-

s
o
n
a
l
 
l
i
v
e
s
 
a
r
e
 
i
n
t
e
r
r
e
l
a
t
e
d
.

D
u
r
i
n
g
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
d
i
r
e
c
t
 
i
n
s
t
r
u
c
t
i
o
n
 
t
o
w
a
r
d
 
t
h
e

f
a
c
t
o
r
s
 
t
h
a
t
 
a
f
f
e
c
t
 
s
u
p
p
l
y
 
a
n
d
 
u
s
a
g
e
 
o
f
 
e
n
e
r
g
y
.

H
o
s
t
 
i
m
p
o
r
t
a
n
t
 
f
a
c
t
o
r
s
 
a
r
e
a

(
1
)
 
d
e
m
a
n
d

f
o
r
 
m
o
r
e
 
e
n
e
r
g
y
 
f
o
r
 
e
a
c
h
 
p
e
r
s
o
n
 
e
a
c
h
 
y
e
a
r
;
.
 
(
2
)
 
i
n
c
r
e
a
s
i
n
g
 
p
o
p
u
l
a
t
i
o
n
;
 
(
3
)
 
t
h
e
 
s
u
p
p
l
y

o
f
 
o
u
r
 
e
a
s
y
-
t
o
-
g
e
t
 
e
n
e
r
g
y
 
i
s
 
d
e
c
r
e
a
s
i
n
g
;
 
(
4
)
 
t
h
e
 
u
n
d
e
r
d
e
v
e
l
o
p
e
d
 
n
a
t
i
o
n
s
a
r
e
 
w
a
n
t
i
n
g

t
o
 
d
e
v
e
l
o
p
 
a
 
l
i
f
e
-
s
t
y
l
e
 
s
i
m
i
l
a
r
 
t
o
 
o
u
r
s
;
 
a
n
d
 
(
5
)
 
o
u
r
 
m
e
t
h
o
d
s
 
o
f
 
u
s
i
n
g
 
e
n
e
r
g
y
 
a
r
e

c
a
u
s
i
n
g
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
.

E
a
c
h
 
o
f
 
t
h
e
s
e
 
f
a
c
t
o
r
s
 
c
a
n
 
b
e
 
i
l
l
u
s
t
r
a
t
e
d

b
y
 
u
s
i
n
g
 
g
r
a
p
h
s
 
f
o
u
n
d
 
i
n
 
A
p
p
e
n
d
i
x
 
B
.

T
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
F
o
s
s
i
l
 
F
u
e
l
 
U
s
a
g
e
 
a
n
d
 
S
u
p
p
l
y
 
g
r
a
p
h
,
 
(
A
p
p
e
n
d
i
x
 
t
)
 
i
l
l
u
s
t
r
a
t
e
s
 
t
h
e

r
e
l
a
t
i
v
e
 
a
m
o
u
n
t
.
o
f
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
s
u
p
p
l
i
e
s
 
a
n
d
 
h
o
w
 
m
u
c
h
 
o
f
 
e
a
c
h
w
e
 
h
a
v
e

u
s
e
d
.

T
h
e
 
b
e
l
l
-
s
h
a
p
e
d
 
c
u
r
v
e
 
r
e
s
u
l
t
s
 
f
r
o
m
 
t
h
e
 
n
o
r
m
a
l
 
u
s
a
g
e
 
o
f
 
a
n
y
 
n
a
t
u
r
a
l
 
r
e
s
o
u
r
c
e
.

A
t
 
f
i
r
s
t
 
t
h
e
 
d
e
m
a
n
d
 
i
s
 
l
o
w
,
 
a
n
d
 
t
h
e
 
t
e
c
h
n
o
l
o
g
y
 
f
o
r
 
o
b
t
a
i
n
i
n
g
 
i
s
 
r
a
t
h
e
r
 
p
o
o
r
l
y
 
d
e
v
e
l
o
p
e
d
.

U
s
a
g
e
 
g
o
e
s
 
u
p
 
a
s
 
d
e
m
a
n
d
 
a
n
d
 
m
e
t
h
o
d
s
 
f
o
r
 
o
b
t
a
i
n
i
n
g
 
r
e
s
o
u
r
c
e
s
 
i
m
p
r
o
v
e
.

T
h
e
 
g
r
a
p
h
 
s
t
a
r
t
s

d
o
w
n
w
a
r
d
 
a
s
 
t
h
e
 
s
u
p
p
l
y
 
i
s
 
d
e
p
l
e
t
e
d
 
a
n
d
 
t
h
e
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
s
u
p
p
l
y
 
r
e
m
a
i
n
i
n
g

g
e
t
s

h
a
r
d
e
r
 
t
o
 
r
e
c
o
v
e
r
.

S
t
u
d
e
n
t
s
 
m
a
y
 
n
e
e
d
 
t
o
 
d
i
s
c
u
s
s
 
t
h
e
 
g
e
n
e
r
a
l
 
p
a
t
t
e
r
n
 
o
f
 
t
h
i
s
 
g
r
a
p
h

a
 
w
h
i
l
e
 
b
e
f
o
r
e
 
t
h
e
y
 
c
a
n
 
u
n
d
e
r
s
t
a
n
d
 
h
o
w
 
t
h
i
s
 
r
e
l
a
t
e
s
 
t
o
 
a
l
l
 
n
a
t
u
r
a
l
 
r
e
s
o
u
r
c
e
s
.

O
n
e

i
n
t
e
r
e
s
t
i
n
g
 
p
o
i
n
t
.
 
t
o
 
b
r
i
n
g
 
o
u
t
 
i
s
 
t
h
a
t
 
i
t
 
c
o
s
t
s
 
m
o
r
e
 
t
o
 
g
e
t
 
t
h
e
 
h
a
r
d
 
t
o
 
r
e
c
o
v
e
r

r
e
s
o
u
r
c
e
s
.

T
h
i
s
 
i
s
 
r
e
p
r
e
s
e
n
t
e
d
 
b
y
 
t
h
e
 
c
u
r
v
e
 
s
t
a
r
t
i
n
g
 
d
o
w
n
w
a
r
d
.

T
h
i
s
 
c
o
s
t
 
i
s
 
p
a
s
s
e
d

o
n
 
t
o
 
c
u
s
t
o
m
e
r
s
 
u
s
i
n
g
 
p
r
o
d
u
c
t
s
 
m
a
d
e
 
f
r
o
m
 
t
h
e
 
r
e
s
o
u
r
c
e
.

_
V
o
t
e
 
t
h
a
t
 
w
i
t
h
 
o
i
l
 
w
e
 
a
r
e



5
.
1

W
h
y
 
B
e
 
C
o
n
c
e
r
n
e
d

A
b
o
u
t
 
S
a
v
i
n
g
 
E
n
e
r
g
y

(
C
o
n
t
i
n
u
e
d
)

5
.
1

2
0

s
t
a
r
t
i
n
g
 
i
n
t
o
 
t
h
e
 
d
o
w
n
w
a
r
d
 
s
l
o
p
e
.

B
e
 
s
u
r
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
i
n
t
e
r
p
r
e
t
 
f
r
o
m
 
t
h
e
 
g
r
a
p
h
s
 
t
h
a
t
 
w
e
 
h
a
v
e
 
a
l
r
e
a
d
y
 
u
s
e
d
 
n
e
a
r
l
y

o
n
e
-
h
a
l
f
 
o
f
 
o
u
r
 
o
i
l
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
s
u
p
p
l
y
.

C
o
a
l
 
i
s
 
t
h
e
 
o
n
l
y
 
f
o
s
s
i
l
 
f
u
e
l
 
w
e
 
h
a
v
e
 
a

r
e
l
a
t
i
v
e
 
l
o
n
g
-
r
a
n
g
e
 
s
u
p
p
l
y
 
o
f
.

T
h
e
 
L
i
f
e
-
S
t
y
l
e
 
C
o
m
p
a
r
e
d
 
t
o
 
E
n
e
r
g
y
 
C
o
n
s
u
m
e
d
 
P
e
r
 
F
e
r
s
o
n
 
C
h
a
r
t
,
 
A
p
p
e
n
d
i
s
 
B
,
 
i
l
l
u
s
t
r
a
t
e
s

h
o
w
 
m
u
c
h
 
m
o
r
e
 
e
n
e
r
g
y
 
a
 
p
e
r
s
o
n
 
u
s
e
s
 
a
s
 
h
e
 
a
d
v
a
n
c
e
s
 
h
i
s
 
l
i
f
e
-
s
t
y
l
e
.

A
s
 
l
e
s
s
-
d
e
v
e
l
o
p
e
d

c
o
u
n
t
r
i
e
s
 
m
o
v
e
 
f
r
o
m
 
a
g
r
i
c
u
l
t
u
r
a
l
 
t
o
 
i
n
d
u
s
t
r
i
a
l
 
o
r
-
 
,
t
e
c
h
n
o
l
o
g
i
c
a
l
 
l
i
f
e
-
s
t
y
l
e
s
,
 
t
h
e
i
r

d
e
m
a
n
d
 
f
o
r
 
e
n
e
r
g
y
 
w
i
l
l
 
g
r
e
a
t
l
y
 
i
n
c
r
e
a
s
e
.

A
s
 
a
 
r
e
s
u
l
t
,
 
t
h
e
i
r
 
d
e
m
a
n
d
 
f
o
r
 
e
n
e
r
g
y
 
w
i
l
l

b
e
 
e
v
e
n
 
g
r
e
a
t
e
r
 
t
h
a
n
 
i
n
 
t
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
.

A
s
 
s
t
u
d
e
n
t
s
 
v
i
e
w
 
t
h
i
s
 
c
h
a
r
t
,
 
r
e
m
i
n
d
 
t
h
e
m
 
t
h
e
 
c
h
a
r
t
 
i
s
 
b
a
s
e
d
o
n
 
o
n
e
 
p
e
r
s
o
n
 
i
n
 
a
 
g
i
v
e
n

l
i
f
e
-
s
t
y
l
e
.

N
o
t
e
 
t
h
a
t
 
t
h
e
 
1
0
,
0
0
0
 
k
i
l
o
c
a
l
o
r
i
e
s
 
t
h
e
 
t
e
c
h
n
o
l
o
g
y
 
m
a
n
 
u
s
e
s
 
f
o
r
 
f
o
o
d
 
i
n
c
l
u
d
e
s

t
h
e
 
e
n
e
r
g
y
 
i
n
 
t
h
e
 
f
o
o
d
,
 
t
h
e
 
e
n
e
r
g
y
 
f
o
r
 
p
r
o
d
u
c
i
n
g
 
t
h
e
 
f
o
o
d
,
 
a
n
d
 
t
h
e
 
e
n
e
r
g
y
 
f
o
r
 
p
r
o
c
e
s
s
i
n
g

t
h
e
 
f
o
o
d
 
u
n
t
i
l
 
i
t
 
i
s
 
o
n
 
o
u
r
 
t
a
b
l
e
.

T
h
e
 
3
,
0
0
0
 
k
i
l
o
c
a
l
o
r
i
e
s
 
f
o
r
 
t
h
e
 
p
r
i
m
i
t
i
v
e
 
m
a
n
'
s

f
o
o
d
 
i
s
 
m
o
s
t
l
y
 
t
h
e
 
e
n
e
r
g
y
 
c
o
n
t
a
i
n
e
d
 
i
n
 
t
h
e
 
f
o
o
d
 
a
s
 
h
e
 
p
i
c
k
e
d
 
o
r
 
c
a
p
t
u
r
e
d
 
i
t
.

T
h
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
 
P
o
p
u
l
a
t
i
o
n
 
a
n
d
 
E
n
e
r
g
y
 
C
o
n
s
u
m
p
t
i
o
n
 
G
r
a
p
h
,
 
(
A
p
p
e
n
d
i
x
 
B
)
 
i
l
l
u
s
t
r
a
t
e
s

t
h
a
t
 
b
e
c
a
u
s
e
 
o
f
 
.
o
u
r
 
l
i
f
e
-
s
t
y
l
e
 
e
a
c
h
 
i
n
d
i
v
i
d
u
a
l
 
i
s
 
u
s
i
n
g
 
m
o
r
e
 
e
n
e
r
g
y
 
e
a
c
h
 
y
e
a
r
.

E
x
p
l
a
i
n

t
o
 
t
h
e
 
s
t
u
d
e
n
t
s
,
 
i
f
 
e
a
c
h
 
p
e
r
s
o
n
 
u
s
e
d
 
t
h
e
 
s
a
m
e
 
a
m
o
u
n
t
 
o
f
 
e
n
e
r
g
y
 
e
a
c
h
 
y
e
a
r
,
 
t
h
e
 
p
o
p
u
l
a
-

t
i
o
n
 
a
n
d
 
e
n
e
r
g
y
 
g
r
a
p
h
 
w
o
u
l
d
 
r
u
n
 
p
a
r
a
l
l
e
l
 
w
i
t
h
 
e
a
c
h
 
o
t
h
e
r
.

I
n
s
t
e
a
d
,
 
t
h
e
 
e
n
e
r
g
y
 
g
r
a
p
h

i
s
 
i
n
c
r
e
a
s
i
n
g
 
f
a
s
t
e
r
 
w
h
i
c
h
 
s
h
o
w
s
 
t
h
a
t
 
e
a
c
h
 
p
e
r
s
o
n
 
i
s
 
u
s
i
n
g
 
m
o
r
e

e
n
e
r
g
y
.

U
s
e
 
t
h
i
s

s
a
m
e
 
g
r
a
p
h
 
t
o
 
e
m
p
h
a
s
i
z
e
 
t
h
a
t
 
t
h
e
 
p
o
p
u
l
a
t
i
o
n
 
i
s
 
i
n
c
r
e
a
s
i
n
g
.

S
o
 
n
o
t
 
o
n
l
y
 
i
s
 
e
a
c
h
 
p
e
r
s
o
n

u
s
i
n
g
 
m
o
r
e
 
e
n
e
r
g
y
,
 
b
u
t
 
t
h
e
r
e
 
a
r
e
 
m
o
r
e
 
p
e
o
p
l
e
 
o
n
 
t
h
e
 
e
a
r
t
h
 
e
a
c
h
 
d
a
y
 
t
o
 
u
s
e
 
t
h
e
 
e
n
e
r
g
y
.

T
h
e
 
C
a
r
b
o
n
 
D
i
o
x
i
d
e
 
C
o
n
c
e
n
t
r
a
t
i
o
n
 
i
n
 
t
h
e
 
A
t
m
o
s
p
h
e
r
e
 
G
r
a
p
h
,
 
(
A
p
p
e
n
d
i
x
 
B
)
,
 
c
a
n
 
b
e
 
u
s
e
d

t
o
 
i
l
l
u
s
t
r
a
t
e
 
t
h
a
t
 
i
n
c
r
e
a
s
e
d
 
u
s
a
g
e
 
c
a
u
s
e
s
 
a
n
 
i
n
c
r
e
a
s
e
 
i
n
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
.

T
h
i
s

g
r
a
p
h
 
i
s
,
 
b
a
s
e
d
 
o
n
 
d
a
t
a
 
a
n
d
 
p
r
e
d
i
c
t
i
o
n
s
 
c
o
l
l
e
c
t
e
d
 
n
e
a
r
 
M
a
n
n
a
 
L
o
a
,
 
H
a
w
a
i
i
.

W
h
e
n

s
u
b
s
t
a
n
c
e
s
 
l
i
k
e
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
a
r
e
 
b
u
r
n
e
d
,
 
o
n
e
 
o
f
 
t
h
e
 
p
r
o
d
u
c
t
s
 
f
o
r
m
e
d

i
s
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
.

T
h
i
s
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
g
o
e
s
 
i
n
t
o
 
t
h
e
 
a
i
r
 
a
n
d
 
a
c
c
u
m
u
l
a
t
e
s
 
a
s
 
p
a
r
t

o
f
 
o
u
r
 
a
t
m
o
s
p
h
e
r
e
.

I
n
 
a
 
g
e
n
e
r
a
l
 
w
a
y
,
 
m
e
a
s
u
r
i
n
g
 
t
h
e
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
i
n

t
h
e
 
a
i
r
 
i
s
 
a
 
m
e
a
s
u
r
e
 
o
f
 
t
h
e
 
o
v
e
r
a
l
l
 
e
f
f
e
c
t
 
o
f
 
o
u
r
 
e
n
e
r
g
y
 
u
s
a
g
e
 
o
n
 
t
h
e
 
e
n
v
i
r
o
n
m
e
n
t
.

T
h
e
 
i
m
p
o
r
t
a
n
t
 
t
h
i
n
g
 
t
o
 
n
o
t
i
c
e
 
i
s
 
t
h
a
t
 
a
s
 
e
n
e
r
g
y
 
c
o
n
s
u
m
p
t
i
o
n
 
i
n
c
r
e
a
s
e
s
 
t
h
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n

o
f
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
i
n
 
t
h
e
 
a
t
m
o
s
p
h
e
r
e
 
i
s
 
i
n
c
r
e
a
s
e
d
.

O
t
h
e
r
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
 
w
o
u
l
d

f
o
l
l
o
w
 
a
 
s
i
m
i
l
a
r
 
g
r
a
p
h
 
p
a
t
t
e
r
n
 
b
u
t
 
v
a
r
y
 
w
i
t
h
 
l
o
c
a
l
 
c
o
n
d
i
t
i
o
n
s
.

E
x
a
m
p
l
e
s
 
o
f
 
o
t
h
e
r

p
r
o
b
l
e
m
s
 
w
o
u
l
d
 
b
e
:

t
h
e
r
m
a
l
 
(
h
e
a
t
)
 
p
o
l
l
u
t
i
o
n
,
 
c
h
e
m
i
c
a
l
 
(
s
u
l
f
u
r
,
 
m
e
r
c
u
r
y
)
 
p
o
l
l
u
t
i
o
n
,

a
n
d
 
a
i
r
 
p
o
l
l
u
t
i
o
n
,
 
e
t
c
.



5
.
1

W
h
y
 
B
e
 
C
o
n
c
e
r
n
e
d

A
b
o
u
t
 
S
a
v
i
n
g
 
E
n
e
r
g
y

(
C
o
n
t
i
n
u
e
d
)

5
.
2

C
o
n
s
e
r
v
e
 
E
n
e
r
g
y

I
n
 
T
h
e
 
H
o
m
e

5
.
3

C
o
n
s
e
r
v
i
n
g

T
r
a
n
s
p
o
r
t
a
t
i
o
n

E
n
e
r
g
y

5
.
1

E
n
d
 
t
h
i
s
 
a
c
t
i
v
i
t
y
 
w
i
t
h
 
t
h
e
 
t
h
o
u
g
h
t
 
t
h
a
t
 
w
e
 
w
i
l
l
 
h
a
v
e
 
a
n
 
e
n
e
r
g
y
 
c
r
i
s
i
s
 
i
n
 
t
h
e
 
n
e
a
r

f
u
t
u
r
e
-
-
e
v
e
n
 
i
f
 
t
h
e
 
p
r
e
s
e
n
t
 
o
n
e
 
i
s
 
t
h
e
 
r
e
s
u
l
t
 
o
f
 
i
n
d
u
s
t
r
y
'
s
 
a
n
d
 
t
h
e
 
g
o
v
e
r
n
m
e
n
t
'
s

p
o
o
r
 
p
l
a
n
n
i
n
g
.

2
1

5
 
2

A
p
p
r
o
x
i
m
a
t
e
l
y
 
2
0
 
p
e
r
c
e
n
t
 
o
f
 
o
u
r
 
n
a
t
i
o
n
'
s
 
e
n
e
r
g
y
 
i
s
 
c
o
n
s
u
m
e
d
 
i
n
 
t
h
e
 
h
o
m
e
.

S
t
u
d
e
n
t
s

s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
l
i
s
t
 
t
e
n
 
c
h
a
n
g
e
s
 
t
h
e
y
 
c
a
n
 
m
a
k
e
 
i
n
 
t
h
e
i
r
 
h
o
m
e
 
l
i
f
e
-
s
t
y
l
e
 
t
h
a
t
 
w
i
l
l

r
e
d
u
c
e
 
t
h
e
i
r
 
e
n
e
r
g
y
 
u
s
a
g
e
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
b
e
 
a
b
l
e
 
t
o
 
i
n
d
i
c
a
t
e
 
w
h
i
c
h
 
o
f
 
t
h
e
s
e

s
a
v
e
s
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
.

F
r
o
m
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
n
e
w
s
 
b
r
o
a
d
c
a
s
t
s
 
a
n
d
 
o
t
h
e
r
 
s
o
u
r
c
e
s
,

s
t
u
d
e
n
t
s
 
c
a
n
 
p
r
o
b
a
b
l
y
 
a
l
r
e
a
d
y
 
l
i
s
t
 
m
a
n
y
 
o
f
 
t
h
e
 
w
a
y
s
 
t
o
 
c
o
n
s
e
r
v
e
 
e
n
e
r
g
y
 
i
n
.
h
o
m
e
s
.

M
a
k
e
 
a
 
l
i
s
t
 
o
n
 
t
h
e
 
b
o
a
r
d
.

T
h
e
 
E
n
e
r
g
y
 
S
a
v
i
n
g
 
G
u
i
d
e
b
o
o
k
 
p
u
b
l
i
s
h
e
d
 
b
y
 
t
h
e
 
E
l
e
c
t
r
i
c
a
l

I
n
d
u
s
t
r
i
e
s
 
A
s
s
o
c
i
a
t
i
o
n
,
 
6
0
5
5
 
E
a
s
t
 
r
l
a
s
h
i
n
g
t
o
n
 
B
l
v
d
.
,
 
#
6
3
3
,
 
L
o
s
 
A
n
g
e
l
e
s
,
 
C
a
l
i
f
o
r
n
i
a
 
9
0
0
4
0
,

c
o
n
t
a
i
n
s
 
a
 
l
i
s
t
 
o
f
 
s
u
g
g
e
s
t
e
d
 
w
a
y
s
 
t
h
a
t
 
m
i
g
h
t
 
b
e
 
u
s
e
d
 
t
o
 
s
u
p
p
l
e
m
e
n
t
 
t
h
e
 
s
t
u
d
e
n
t
 
l
i
s
t
.

A
f
t
e
r
 
t
h
e
 
l
i
s
t
 
i
s
 
c
o
m
p
l
e
t
e
d
,
 
u
s
e
 
q
u
e
s
t
i
o
n
s
 
s
u
c
h
 
a
s
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
t
o
 
d
i
r
e
c
t
 
d
i
s
c
u
s
s
i
o
n
s
.

(
1
)

W
h
i
c
h
 
o
f
 
t
h
e
s
e
 
c
h
a
n
g
e
s
 
w
i
l
l
 
c
o
n
s
e
r
v
e
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
?

(
2
)

W
h
i
c
h
 
o
n
e
s
 
a
r
e
 
y
o
u
 
a
l
r
e
a
d
y
 
d
o
i
n
g
 
a
r
o
u
n
d
 
y
o
u
r
 
h
o
m
e
?

(
3
)

W
h
i
c
h
 
a
r
e
 
y
o
u
 
w
i
l
l
i
n
g
 
t
o
 
d
o
?

(
4
)

H
o
w
 
w
i
l
l
 
t
h
e
s
e
 
c
h
a
n
g
e
s
 
a
f
f
e
c
t
 
y
o
u
r
 
l
i
f
e
?

5
 
3

A
m
e
r
i
c
a
n
s
 
c
o
n
s
u
m
e
 
l
a
r
g
e
 
a
m
o
u
n
t
s
 
o
f
 
e
n
e
r
g
y
 
t
o
 
t
r
a
n
s
p
o
r
t
 
t
h
e
m
s
e
l
v
e
s
 
f
r
o
m
 
o
n
e
 
l
o
c
a
t
i
o
n

t
o
 
a
n
o
t
h
e
r
.

S
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
e
x
p
l
a
i
n
 
t
h
r
e
e
 
w
a
y
s
 
i
n
 
w
h
i
c
h
 
t
h
e
y
 
c
a
n
 
r
e
d
u
c
e

e
n
e
r
g
y
 
u
s
e
d
 
i
n
 
p
e
o
p
l
e
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
.

S
t
a
r
t
 
b
y
 
h
a
v
i
n
g
 
s
t
u
d
e
n
t
s
 
l
i
s
t
 
w
a
y
s
 
t
o
 
t
r
a
v
e
l
.

T
h
e
 
l
i
s
t
 
s
h
o
u
l
d
 
i
n
c
l
u
d
e
 
a
t
 
l
e
a
s
t
 
t
h
e

f
o
l
l
o
w
i
n
g
:

w
a
l
k
i
n
g
,
 
b
i
c
y
c
l
e
s
,
 
c
a
r
s
,
 
b
u
s
e
s
,
 
t
r
a
i
n
s
,
 
a
i
r
p
l
a
n
e
s
,
 
t
r
a
i
n
s
,
 
a
n
d
 
r
i
d
i
n
g

a
n
i
m
a
l
s
.

U
s
e
 
q
u
e
s
t
i
o
n
s
 
s
i
m
i
l
a
r
 
t
o
 
t
h
e
s
e
 
f
o
r
 
a
 
d
i
s
c
u
s
s
i
o
n
:

(
1
)

W
h
a
t
 
t
y
p
e
 
o
f
 
e
n
e
r
g
y
 
i
s
 
c
o
n
s
u
m
e
d
 
w
i
t
h
 
e
a
c
h
 
m
e
t
h
o
d
 
o
f
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
?

(
2
)

W
h
i
c
h
 
o
n
e
 
d
o
 
y
o
u
 
t
h
i
n
k
 
u
s
e
s
 
t
h
e
 
m
o
s
t
 
e
n
e
r
g
y
 
p
e
r
 
p
e
r
s
o
n
 
b
e
i
n
g
 
m
o
v
e
d
?

(
R
e
f
e
r

t
o
 
A
c
t
i
v
i
t
y
 
2
.
7
 
f
o
r
 
s
o
m
e
 
d
a
t
a
 
o
n
 
t
h
i
s
.
)

(
3
)

W
h
i
c
h
 
m
e
t
h
o
d
s
 
a
r
e
 
u
s
e
d
 
f
o
r
 
s
h
o
r
t
 
d
i
s
t
a
n
c
e
s
?

W
h
i
c
h
 
f
o
r
 
l
o
n
g
 
d
i
s
t
a
n
c
e
s
?

(
4
)

W
h
i
c
h
 
m
e
t
h
o
d
 
c
o
u
l
d
 
y
o
u
 
u
s
e
 
m
o
r
e
 
o
f
 
t
o
 
r
e
d
u
c
e
 
t
h
e
 
e
n
e
r
g
y
 
y
o
u
 
c
o
n
s
u
m
e
?



2
2

5
.
4

F
o
l
l
o
w
i
n
g
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
d
e
s
c
r
i
b
e
 
t
h
r
e
e
 
w
a
y
s
 
t
h
e
y
 
c
a
n

c
h
a
n
g
e
 
t
h
e
i
r
 
b
u
y
i
n
g
 
h
a
b
i
t
s
 
t
h
a
t
 
w
i
l
l
 
r
e
d
u
c
e
.
 
i
n
d
u
s
t
r
i
a
l
 
e
n
e
r
g
y
 
n
e
e
d
s
.

A
l
t
h
o
u
g
h
 
s
t
u
d
e
n
t
s

c
a
n
n
o
t
 
d
i
r
e
c
t
l
y
 
t
e
l
l
 
i
n
d
u
s
t
r
y
 
h
o
w
 
t
o
 
u
s
e
 
l
e
s
s
 
e
n
e
r
g
y
,
 
t
h
e
y
 
c
z
-
 
c
h
a
n
g
e

t
h
e
i
r
 
b
u
y
i
n
g

h
a
b
i
t
s
 
w
h
i
c
h
 
c
o
u
l
d
 
u
l
t
i
m
a
t
e
l
y
 
r
e
d
u
c
e
 
t
h
e
 
i
n
d
u
s
t
r
i
a
l
 
n
e
e
d
 
f
o
r
 
e
n
e
r
g
y
.

T
h
e
 
f
o
l
l
o
w
i
n
g
 
d
a
t
a
 
c
a
n
 
b
e
 
p
r
e
s
e
n
t
e
d
 
t
o
 
t
h
e
 
s
t
u
d
e
n
t
s
.

A
l
l
o
w
 
t
h
e
m
 
a
n
 
o
p
p
o
r
t
u
n
i
t
y
 
t
o

r
e
a
c
t
 
t
o
 
i
t
 
i
n
 
t
e
r
m
s
 
o
f
 
h
o
w
 
i
t
 
r
e
l
a
t
e
s
 
t
o
 
t
h
e
i
r
 
d
a
i
l
y
 
h
a
b
i
t
s
.

(
1
)

B
u
y
 
p
r
o
d
u
c
t
s
 
i
n
 
r
e
u
s
a
b
l
e
 
c
o
n
t
a
i
n
e
r
s
.

F
o
r
 
e
x
a
m
p
l
e
,
 
e
a
c
h
 
r
e
t
u
r
n
a
b
l
e

s
o
f
t
-
d
r
i
n
k
 
c
o
n
t
a
i
n
e
r
 
n
o
w
 
r
e
t
u
r
n
s
 
a
b
o
u
t
 
1
5
 
t
i
m
e
s
 
f
o
r
 
r
e
f
i
l
l
 
b
e
f
o
r
e

i
t
 
i
s
 
d
a
m
a
g
e
d
 
a
n
d
 
g
o
e
s
 
o
u
t
 
o
f
 
c
i
r
c
u
l
a
t
i
o
n
.

T
h
i
s
 
s
a
v
e
s
 
t
h
e
 
a
m
o
u
n
t

o
f
 
e
n
e
r
g
y
 
n
e
e
d
e
d
 
t
o
 
m
a
k
e
 
1
4
 
t
h
r
o
w
 
a
w
a
y
 
c
o
n
t
a
i
n
e
r
s
.

(
2
)

T
h
e
 
e
n
e
r
g
y
 
r
e
q
u
i
r
e
d
 
t
o
 
m
a
k
e
 
e
i
g
h
t
 
t
h
r
o
w
-
a
w
a
y
 
b
o
t
t
l
e
s
 
i
s
 
3
.
1
1
 
t
i
m
e
s

g
r
e
a
t
e
r
 
t
h
a
n
 
t
h
e
 
e
n
e
r
g
y
 
r
e
q
u
i
r
e
d
 
t
o
 
m
a
k
e
 
o
n
e
 
r
e
t
u
r
n
a
b
l
e
 
b
o
t
t
l
e
 
a
n
d

r
e
u
s
e
 
i
t
 
e
i
g
h
t
 
t
i
m
e
s
.

(
3
)

E
i
g
h
t
 
t
h
r
o
w
-
a
w
a
y
 
c
a
n
s
 
u
s
e
 
2
.
7
 
t
i
m
e
s
 
a
s
 
m
u
c
h
 
e
n
e
r
g
y
 
a
s
 
o
n
e
 
r
e
t
u
r
n
a
b
l
e

b
o
t
t
l
e
 
r
e
u
s
e
d
 
e
i
g
h
t
 
t
i
m
e
s
.

R
e
c
o
v
e
r
i
n
g
 
g
l
a
s
s
 
a
f
t
e
r
 
i
t
 
i
s
 
M
i
x
e
d
 
w
i
t
h

g
a
r
b
a
g
e
 
a
n
d
 
r
e
m
e
l
t
i
n
g
 
r
e
q
u
i
r
e
s
 
m
o
r
e
 
e
n
e
r
g
y
 
t
h
a
n
 
m
a
n
u
f
a
c
t
u
r
i
n
g
 
n
e
w

g
l
a
s
s
 
b
o
t
t
l
e
s
 
f
r
o
m
 
r
a
w
 
m
a
t
e
r
i
a
l
s
.

H
o
w
e
v
e
r
;
 
g
l
a
s
s
 
s
e
p
a
r
a
t
e
d
 
i
n
 
o
u
r

h
o
m
e
s
 
a
n
d
 
r
e
c
y
c
l
e
d
 
u
s
e
s
 
l
e
s
s
 
e
n
e
r
g
y
 
t
h
a
n
 
m
a
n
u
f
a
c
t
u
r
i
n
g
 
b
o
t
t
l
e
s
 
f
r
o
m

r
a
w
 
m
a
t
e
r
i
a
l
s
,

(
4
)

A
 
c
o
m
p
l
e
t
e
 
r
e
t
u
r
n
 
t
o
 
r
e
t
u
r
n
a
b
l
e
 
b
o
t
t
l
e
s
 
i
n
 
t
h
e
 
b
e
e
r
 
a
n
d
 
s
o
f
t
-
d
r
i
n
k

i
n
d
u
s
t
r
y
 
w
o
u
l
d
 
r
e
d
u
c
e
 
t
h
e
i
r
 
n
e
e
d
 
f
o
r
 
"
c
o
n
t
a
i
n
e
r
 
e
n
e
r
g
y
"
 
b
y
 
5
5
 
p
e
r
c
e
n
t

w
i
t
h
o
u
t
 
r
a
i
s
i
n
g
 
t
h
e
 
p
u
r
c
h
a
s
e
 
p
r
i
c
e
 
t
o
 
t
h
e
 
c
o
n
s
u
m
e
r
.

(
5
)

S
t
o
r
e
s
 
s
o
m
e
t
i
m
e
s
 
c
h
a
r
g
e
 
m
o
r
e
 
f
o
r
 
f
o
o
d
 
i
n
 
r
e
t
u
r
n
a
b
l
e
 
c
o
n
t
a
i
n
e
r
s

b
e
c
a
u
s
e
 
t
h
e
y
 
d
o
 
n
o
t
 
w
a
n
t
 
t
o
 
h
a
n
d
l
e
 
r
e
t
u
r
n
a
b
l
e
 
c
o
n
t
a
i
n
e
r
s
.

(
6
)

T
h
e
 
t
a
b
l
e
 
o
n
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
p
a
g
e
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
e
n
e
r
g
y
 
c
o
s
t
 
f
o
r
 
t
h
r
e
e

t
y
p
e
s
 
o
f
 
s
o
f
t
-
d
r
i
n
k
 
c
o
n
t
a
i
n
e
r
 
s
y
s
t
e
m
s
.

T
h
e
 
f
i
g
u
r
e
s
 
a
r
e
 
b
a
s
e
d
 
o
n
 
B
t
u
'
s

p
e
r
 
g
a
l
l
o
n
 
o
f
 
b
e
v
e
r
a
g
e
 
s
p
a
c
e
 
a
n
d
 
r
e
t
u
r
n
a
b
l
e
s
 
m
a
k
i
n
g
 
e
i
g
h
t
 
r
o
u
n
d

t
r
i
p
s
.
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R
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n
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B
o
t
t
l
e
s

T
h
r
o
w
-
A
w
a
y

B
o
t
t
l
e
s

_
_

9
9
0

1
2
4

9
6
7
3

5
1
9
5

i
6
5
0

1
4
2
5
5
9

;

6
8
9
5

6
1
0
0

1
2
3
5

3
6
0

4
2
5
5
9

1
8
9
5

6
1
0
0

1
2
3
5

3
6
]
.

1
6
1
0
0

1
8
3
0

R
e
m
e
l
t
i
n
g

T
h
r
o
w
-
A
w
a
y
s

3
6
3
6

I
(
R
e
c
y
c
l
i
n
g
)

2
3

',:
t

tr
i 1

-3
M

n
0

.0
(D

rt
G

 M
 W

1-
6 

C
A

1-
A

C
D P.

0
8
9

0
1
9
2
1
7

0
4
6
8

I
0

6
3
1
0
2

0
i

c
5
9
8
3

6
1
7
7
0

1 1

(
7
)

T
w
i
c
e
 
a
s
 
m
u
c
h
 
e
n
e
r
g
y
 
i
s
 
r
e
q
u
i
r
e
d
 
t
o
 
m
a
k
e
 
a
 
t
w
e
l
v
e
-
o
u
n
c
e
 
a
l
u
m
i
n
u
m
 
c
a
n

.

a
s
 
t
o
 
m
a
k
e
 
a
 
t
w
e
l
v
e
-
o
u
n
c
e
 
s
t
e
e
l
 
c
a
n
.

(
8
)

P
u
l
p
 
f
r
o
m
 
r
e
c
y
c
l
e
d
 
o
l
d
 
n
e
w
s
p
a
p
e
r
 
u
s
e
s
 
6
0
 
p
e
r
c
e
n
t
 
l
e
s
s
 
e
n
e
r
g
y

t
h
a
n

p
u
l
p
 
f
r
o
m
 
t
r
e
e
s
.

(
9
)

M
a
n
u
f
a
c
t
u
r
i
n
g
 
t
o
 
r
e
p
l
a
c
e
 
"
q
u
i
c
k
 
w
e
a
r
i
n
g
 
o
u
t

i
t
e
m
s
 
c
o
n
s
u
m
e
s
 
e
n
e
r
g
y
.

(
1
0
)

T
h
e
 
a
l
u
m
i
n
U
m
 
i
n
d
u
s
t
r
y
 
c
o
n
s
u
m
e
s
 
a
b
o
u
t
 
s
e
v
e
n
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e

n
a
t
i
o
n
'
s
 
e
n
e
r
g
y
.

(
1
1
)

O
n
l
y
 
f
i
v
e
 
p
e
r
c
e
n
t
 
a
s
 
m
u
c
h
 
e
n
e
r
g
y
 
i
s
 
r
e
q
u
i
r
e
d
 
t
o
 
r
e
c
y
c
l
e

a
l
u
m
i
n
u
m
 
a
s
 
t
o

e
x
t
r
a
c
t
 
a
l
u
m
i
n
u
m
 
f
r
o
m
 
b
a
u
x
i
t
e
 
o
r
e
.

(
1
2
)

R
e
c
y
c
l
e
d
 
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
c
o
s
t
 
l
e
s
s
 
a
s
 
s
o
o
n
 
a
s
 
t
h
e
 
r
e
c
y
c
l
e

b
u
s
i
n
e
s
s
 
e
x
p
a
n
d
s
.

(
1
3
)

E
n
e
r
g
y
 
c
o
n
s
e
r
v
a
t
i
o
n
 
i
s
 
g
o
i
n
g
 
t
o
 
r
e
q
u
i
r
e
 
c
h
a
n
g
e
s
 
i
n
 
o
u
r

h
a
b
i
t
s
.

A
f
t
e
r
 
v
i
e
w
i
n
g
 
t
h
e
s
e
 
f
a
c
t
s
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
c
o
m
e
 
u
p
 
w
i
t
h
 
i
d
e
a
s
 
s
i
m
i
l
a
r
 
t
o
 
t
h
e
s
e
 
a
s

w
a
y
s
 
t
h
e
y
 
c
a
n
 
r
e
d
u
c
e
 
i
n
d
u
s
t
r
i
a
l
 
e
n
e
r
g
y
.

(
1
)

R
e
c
y
c
l
e
 
p
a
p
e
r
.

(
2
)

U
s
e
 
r
e
t
u
r
n
a
b
l
e
 
b
e
v
e
r
a
g
e
 
b
o
t
t
l
e
s
 
a
n
d
 
r
e
t
u
r
n
 
t
h
e
m
.

(
3
)

U
s
e
 
l
e
s
s
 
a
l
u
m
i
n
u
m
.

(
4
)

R
e
c
y
c
l
e
 
a
l
u
m
i
n
u
m
.

(
5
)

B
u
y
 
i
t
e
m
s
 
t
h
a
t
 
h
a
v
e
 
l
o
n
g
 
l
i
f
e
 
s
p
a
n
s
,



5
.
5

S
i
n
c
e
 
o
u
r
 
r
e
s
e
r
v
e
s
 
o
f
 
f
o
s
s
i
l
 
f
u
e
l
s
 
a
n
d
 
e
t
h
e
r
 
n
a
t
u
r
a
l
 
r
e
s
o
u
r
c
e
s
 
a
r
e
 
b
e
c
o
m
i
n
g
 
s
m
a
l
l
e
r

a
n
d
 
h
a
r
d
e
r
 
t
o
 
o
b
t
a
i
n
,
 
w
e
 
m
u
s
t
 
s
e
e
 
t
h
a
t
 
e
a
c
h
 
l
i
m
i
t
e
d
 
r
e
s
o
u
r
c
e
 
i
s
 
u
s
e
d
 
i
n
 
t
h
e
 
m
o
s
t

b
e
n
e
f
i
c
i
a
l
 
a
n
d
 
e
f
f
e
c
t
i
v
e
 
w
a
y
.

A
l
l
o
c
a
t
i
o
n
 
o
f
 
n
a
t
u
r
a
l
 
r
e
s
o
u
r
c
e
s
 
f
o
r
 
s
p
e
c
i
f
i
c
 
u
s
e
 
m
u
s
t

b
e
 
c
o
n
s
i
d
e
r
e
d
.

L
a
w
s
 
w
i
l
l
 
b
e
 
n
e
e
d
e
d
 
t
o
 
a
c
c
o
m
p
l
i
s
h
 
t
h
i
s
.

N
o
t
 
a
l
l
 
f
u
e
l
 
s
u
p
p
l
i
e
s
 
a
r
e
 
e
q
u
a
l
l
y
 
w
e
l
l
 
s
u
i
t
e
d
 
f
o
r
 
a
l
l
 
t
y
p
e
s
 
o
f
 
u
s
e
.

F
o
r
 
e
x
a
m
p
l
e
;

n
a
t
u
r
a
l
 
g
a
s
 
i
s
 
a
 
m
u
c
h
 
b
e
t
t
e
r
 
h
o
m
e
 
h
e
a
t
i
n
g
 
f
u
e
l
 
t
h
a
n
 
c
o
a
l
.

T
h
e
 
n
a
t
u
r
a
l
 
g
a
s
 
i
s
 
e
a
s
i
e
r

t
o
 
t
r
a
n
s
p
o
r
t
 
t
o
 
t
h
e
 
h
o
m
e
s
 
a
n
d
 
b
u
r
n
s
 
m
u
c
h
 
c
l
e
a
n
e
r
 
t
h
a
n
 
c
o
a
l
.

2
4

P
o
w
e
r
 
p
l
a
n
t
s
 
a
n
d
 
i
n
d
u
s
t
r
i
e
s
 
a
l
s
o
 
l
i
k
e
 
t
o
 
b
u
r
n
 
n
a
t
u
r
a
l
 
g
a
s
 
b
e
c
a
u
s
e
 
i
t
 
i
s
 
c
l
e
a
n
 
b
u
r
n
i
n
g

a
n
d
 
e
a
s
y
 
t
o
.
 
h
a
n
d
l
e
.

B
u
t
,
 
a
s
 
n
a
t
u
r
a
l
 
g
a
s
 
s
u
p
p
l
i
e
s
 
g
e
t
 
h
a
r
d
e
r
 
t
o
 
o
b
t
a
i
n
 
p
r
i
o
r
i
t
i
e
s

m
u
s
t
 
b
e
 
e
s
t
a
b
l
i
s
h
e
d
 
t
o
 
b
e
 
s
u
r
e
 
t
h
a
t
 
e
a
c
h
 
t
y
p
e
 
o
f
 
f
u
e
l
 
i
s
 
u
s
e
d
 
t
o
 
i
t
s
 
b
e
s
t
 
a
d
v
a
n
t
a
g
e
.

P
o
w
e
r
 
p
l
a
n
t
s
 
a
n
d
 
i
n
d
u
s
t
r
i
e
s
 
t
h
a
t
 
u
s
e
 
l
a
r
g
e
 
q
u
a
n
t
i
t
i
e
s
 
o
f
 
f
u
e
l
s
 
c
a
n
 
m
o
r
e
 
e
a
s
i
l
y
 
c
o
n
s
t
r
u
c
t

a
n
d
 
o
p
e
r
a
t
e
 
p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
d
e
v
i
c
e
s
 
t
h
a
n
 
c
a
n
 
i
n
d
i
v
i
d
u
a
l
 
h
o
m
e
 
o
w
n
e
r
s
.

F
o
r
 
t
h
e
s
e
 
r
e
a
s
o
n
s
,
 
t
h
e
 
F
e
d
e
r
a
l
.
 
P
o
w
e
r
 
C
o
m
m
i
s
s
i
o
n
.
h
a
s
 
e
s
t
a
b
l
i
s
h
e
d
 
a
 
n
i
n
e
 
l
e
v
e
l
 
p
r
i
o
r
i
t
y

l
i
s
t
 
o
f
 
n
a
t
u
r
a
l
 
g
a
s
 
u
s
e
r
s
.

T
h
e
 
l
a
s
t
 
(
n
u
m
b
e
r
 
n
i
n
e
)
 
p
r
i
o
r
i
t
y
 
i
s
 
t
h
e
 
l
a
r
g
e
 
i
n
d
u
s
t
r
i
e
s

a
n
d
 
p
o
w
e
r
 
p
l
a
n
t
s
.

T
h
i
s
 
m
e
a
n
s
 
t
h
e
y
 
w
i
l
l
.
b
e
 
t
h
e
 
f
i
r
s
t
 
t
o
 
l
o
s
e
 
t
h
e
i
r
 
n
a
t
u
r
a
l
 
g
a
s
 
s
u
p
p
l
y

a
n
d
 
w
i
l
l
 
b
e
 
r
e
q
u
i
r
e
d
.
.
.
t
o
 
c
h
a
n
g
e
 
t
o
 
s
o
m
e
 
o
t
h
e
r
 
f
u
e
l
.

H
o
m
e
s
 
a
n
d
 
s
m
a
l
l
 
b
u
s
i
n
e
s
s
e
s
 
r
e
c
e
i
v
e
d

a
 
n
u
m
b
e
r
 
o
n
e
 
p
r
i
o
r
i
t
y
.

T
h
i
s
 
m
e
a
n
s
 
a
l
l
 
o
t
h
e
r
 
g
a
s
 
u
s
e
r
s
 
w
i
l
l
 
l
o
o
s
e
 
g
a
s
 
s
e
r
v
i
c
e
 
b
e
f
o
r
e
 
h
o
m
e
s

a
n
d
 
s
m
a
l
l
 
b
u
s
i
n
e
s
s
e
s
.

A
t
 
p
r
e
s
e
n
t
 
i
t
 
a
p
p
e
a
r
s
 
t
h
e
r
e
 
w
i
l
l
 
b
e
 
n
a
t
u
r
a
l
 
g
a
s
 
a
v
a
i
l
a
b
l
e
 
f
o
r

h
o
m
e
 
u
s
a
g
e
 
f
o
r
 
a
t
 
l
e
a
s
t
 
t
h
e
 
n
e
x
t
 
1
0
0
 
y
e
a
r
s
.

M
i
c
h
 
o
f
 
t
h
i
s
 
n
a
t
u
r
a
l
 
g
a
s
 
w
i
l
l
 
b
e
 
p
r
o
d
u
c
e
d

t
h
r
o
u
g
h
 
c
o
a
l
 
g
a
s
i
f
i
c
a
t
i
o
n
.

B
y
 
w
a
t
c
h
i
n
g
 
t
h
e
 
n
e
w
s
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
f
i
n
d
 
o
t
h
e
r
 
g
o
v
e
r
n
m
e
n
t
 
p
r
i
o
r
i
t
y
 
l
i
s
t
s
,

s
u
c
h
 
a
s
 
g
a
s
o
l
i
n
e
.

H
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
_
t
h
i
n
k
 
a
b
o
u
t
 
a
l
l
 
t
h
e
 
w
a
y
s
 
e
n
e
r
g
y
 
i
s
 
u
s
e
d
 
a
n
d
 
t
r
y

t
o
 
l
i
s
t
 
t
h
e
m
 
i
n
 
s
o
m
e
 
o
r
d
e
r
 
o
f
 
p
r
i
o
r
i
t
y
.

5
.
6

C
h
a
n
g
i
n
g
 
a
 
p
e
r
s
o
n
'
s
 
l
i
f
e
-
s
t
y
l
e
 
a
n
d
 
h
a
b
i
t
s
 
i
s
 
a
 
l
o
n
g
-
r
a
n
g
e
 
t
a
s
k
.

T
h
e
 
l
i
m
i
t
e
d

e
x
a
m
p
l
e
s
 
a
n
d
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
o
f
 
e
n
e
r
g
y
 
c
o
n
s
e
r
v
a
t
i
o
n
 
p
r
e
s
e
n
t
e
d
 
i
n
 
t
h
i
s
 
t
o
p
i
c
 
a
r
e

i
n
t
e
n
d
e
d
 
t
o
 
i
n
c
r
e
a
s
e
 
a
w
a
r
e
n
e
s
s
 
o
f
 
t
h
e
 
n
e
e
d
 
f
o
r
 
c
h
a
n
g
e
s
.

T
h
r
o
u
g
h
 
d
i
s
c
u
s
s
i
o
n
 
w
i
t
h

t
h
e
 
s
t
u
d
e
n
t
s
,
 
e
n
d
 
t
h
i
s
 
t
o
p
i
c
 
w
i
t
h
 
t
h
e
 
s
t
u
d
e
n
t
'
s
 
r
e
a
l
i
z
i
n
g
 
t
h
a
t
 
i
n
 
o
r
d
e
r
 
t
o
 
h
a
v
e

e
n
e
r
g
y
 
c
o
n
s
e
r
v
a
t
i
o
n
,
 
i
n
d
i
v
i
d
u
a
l
s
,
 
i
n
d
u
s
t
r
i
e
s
,
 
a
n
d
 
g
o
v
e
r
n
m
e
n
t
s
 
w
i
l
l
 
n
e
e
d
 
t
o
 
c
h
a
n
g
e

s
o
m
e
 
o
f
 
t
h
e
i
r
 
b
a
s
i
c
 
v
a
l
u
e
s
 
r
e
l
a
t
i
n
g
 
t
o
 
w
h
a
t
 
i
s
 
a
 
"
g
o
o
d
 
l
i
f
e
.
"



T
O
P
I
C
 
V
I

E
N
E
R
G
Y
 
U
S
A
G
E
 
A
N
D
 
E
N
V
I
R
O
N
M
E
N
T
A
L
 
P
R
O
B
L
E
M
S

2
5

6
.
0

I
n
t
r
o
d
u
c
t
i
o
n

6
.
1

E
n
e
r
g
y
 
U
s
a
g
e

A
r
-
!
.
 
H
e
a
l
t
h

6
.
2

S
o
u
r
c
e
s
 
O
f
 
A
i
r

P
o
l
l
u
t
i
o
n
 
R
e
l
a
t
i
n
g

T
o
 
E
n
e
r
g
y
 
U
s
a
g
e

6
.
0

T
h
e
 
a
c
t
i
v
i
t
i
e
s
 
o
f
 
t
h
i
s
 
t
o
p
i
c
 
w
i
l
l
 
a
t
t
e
m
p
t
 
t
o
 
b
r
i
n
g
 
a
t
t
e
n
t
i
o
n
 
t
o
 
a
 
f
e
w
 
o
f
 
t
h
e
 
e
n
e
r
g
y
.

r
e
l
a
t
e
d
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
.

T
h
e
r
e
 
i
s
 
m
u
c
h
 
c
u
r
r
e
n
t
 
i
n
f
o
r
m
a
t
i
o
n
 
r
e
l
a
t
i
n
g
 
t
o
 
t
h
e
s
e
 
p
r
o
b
l
e
m
s
,

s
o
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
p
r
o
v
i
d
e
 
c
o
n
s
i
d
e
r
a
b
l
e
 
r
e
l
e
v
a
n
t
 
i
n
f
o
r
m
a
t
i
o
n
.

:
l
o
t
 
o
n
l
y
 
d
o
e
s
 
t
h
e
 
d
i
r
e
c
t
 
u
s
a
g
e
 
o
f
 
e
n
e
r
g
y
 
c
a
u
s
e
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
,
 
s
u
c
h
 
a
s
 
s
m
o
g
,
 
b
u
t

o
u
r
 
u
s
e
 
o
f
 
e
n
e
r
g
y
 
a
l
l
o
w
s
 
u
s
 
t
o
 
c
r
e
a
t
e
 
t
h
r
o
w
-
a
w
a
y
 
i
t
e
m
s
 
c
a
u
s
i
n
g
 
s
o
l
i
d
 
w
a
s
t
e
 
p
r
o
b
l
e
m
s
.

E
n
e
r
g
y
 
e
n
a
b
l
e
s
 
u
s
 
t
o
 
g
r
e
a
t
l
y
 
a
l
t
e
r
 
t
h
e
 
n
a
t
u
r
a
l
 
l
a
n
d
s
c
a
p
e
 
b
y
 
m
i
n
i
n
g
,
 
a
n
d
 
b
u
i
l
d
i
n
g

r
o
a
d
w
a
y
s
,
 
c
i
t
i
e
s
,
 
d
a
m
s
,
 
a
n
d
 
e
t
c
.

6
.
1

A
s
 
e
n
e
r
g
y
 
i
s
 
u
s
e
d
 
s
o
m
e
 
o
f
 
t
h
e
 
e
n
d
 
p
r
o
d
u
c
t
s
 
a
r
e
 
c
h
e
m
i
c
a
l
s
 
a
n
d
 
s
m
a
l
l
 
p
a
r
t
i
c
l
e
s
 
w
h
i
c
h

c
a
u
s
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
.

A
f
t
e
r
 
w
o
r
k
i
n
g
 
w
i
t
h
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o

e
x
p
l
a
i
n
 
o
n
e
 
w
a
y
 
e
n
e
r
g
y
 
u
s
a
g
e
 
a
f
f
e
c
t
s
 
o
u
r
 
h
e
a
l
t
h
.

E
m
p
h
y
s
e
m
a
 
i
s
 
a
 
d
i
s
e
a
s
e
 
o
f
 
t
h
e
 
l
u
n
g
s
 
t
h
a
t
 
c
a
u
s
e
s
 
s
h
o
r
t
n
e
s
s
 
o
f
 
b
r
e
a
t
h
.

T
h
e
 
l
u
n
g
s
 
o
f

p
e
o
p
l
e
 
w
i
t
h
 
e
m
p
h
y
s
e
m
a
 
l
o
s
e
 
t
h
e
i
r
 
a
b
i
l
i
t
y
 
t
o
 
s
t
r
e
t
c
h
 
a
n
d
 
t
o
 
h
a
n
d
l
e
 
l
a
r
g
e
 
v
o
l
u
m
e
s
 
o
f
 
a
i
r
.

P
a
v
e
 
t
h
e
 
s
t
u
d
e
n
t
s
 
s
t
u
d
y
 
t
h
e
 
"
C
o
m
p
a
r
a
t
i
v
e
 
D
a
t
a
 
O
n
 
E
m
p
h
y
s
e
m
a
"
 
i
n
 
A
p
p
e
n
d
i
x
 
B
.

B
e
 
s
u
r
e

t
o
 
g
o
 
o
v
e
r
 
t
h
e
 
i
n
f
o
r
m
a
t
i
o
n
 
b
e
l
o
w
 
t
h
e
 
g
r
a
p
h
s
 
b
e
f
o
r
e
 
d
i
s
c
u
s
s
i
n
g
 
t
h
e
m
.

F
o
l
l
o
w
i
n
g
 
t
h
e
.
 
d
i
s
c
u
s
s
i
o
n
s
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
c
o
n
c
l
u
d
e
 
t
h
a
t
 
i
n
c
r
e
a
s
e
d
 
u
s
e
 
o
f
 
e
n
e
r
g
y
 
f
o
r

i
n
d
u
s
t
r
y
 
a
p
p
e
a
r
s
 
t
o
 
c
a
u
s
e
 
a
n
 
i
n
c
r
e
a
s
e
 
i
n
 
h
u
m
a
n
 
d
i
s
e
a
s
e
 
f
r
o
m
 
t
h
e
 
r
e
s
u
l
t
i
n
g
 
p
o
l
l
u
t
i
o
n
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
r
e
a
l
i
z
e
 
t
h
i
s
 
p
o
l
l
u
t
i
o
n
 
a
p
p
e
a
r
s
 
t
o
 
a
f
f
e
c
t
 
o
l
d
e
r
 
p
e
o
p
l
e
 
m
o
r
e
 
t
h
a
n
y
o
u
n
g

p
e
o
p
l
e
.

B
e
 
s
u
r
e
 
t
o
 
p
o
i
n
t
 
o
u
t
 
t
o
 
t
h
e
 
s
t
u
d
e
n
t
s
 
t
h
a
t
 
t
h
i
s
 
i
s
 
o
n
l
y
 
o
n
e
 
s
m
a
l
l
 
s
a
m
p
l
e
 
o
f
 
d
a
t
a
.

I
t

c
o
u
l
d
-
 
b
e
 
t
h
a
t
 
t
h
e
 
i
n
c
r
e
a
s
e
 
o
f
 
e
m
p
h
y
s
e
m
a
 
r
e
s
u
l
t
e
d
 
f
r
o
m
 
m
o
r
e
 
p
e
o
p
l
e
 
s
m
o
k
i
n
g
 
o
r
 
s
o
m
e

o
t
h
e
r
 
a
f
f
e
c
t
.

A
l
s
o
,
 
r
e
c
e
n
t
l
y
 
i
n
s
t
a
l
l
e
d
 
p
o
l
l
u
t
i
o
n
 
c
o
n
t
r
o
l
 
d
e
v
i
c
e
s
 
w
i
l
l
 
h
o
p
e
f
u
l
l
y

r
e
d
u
c
e
 
t
h
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
.

6
.
2

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
g
i
v
e
 
e
x
a
m
p
l
e
s
 
o
f
 
t
h
r
e
e
 
k
i
n
d
s

o
f
 
e
n
d
 
p
r
o
d
u
c
t
s
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
o
u
r
 
u
s
e
 
o
f
 
e
n
e
r
g
y
 
t
h
a
t

c
a
u
s
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
b
e
 
a
b
l
e
 
t
o
 
n
a
m
e
 
t
h
e
 
t
h
r
e
e
 
m
a
i
n
 
s
o
u
r
c
e
s
 
o
f
 
t
h
e
s
e
 
p
o
l
l
u
t
a
n
t
s
.

A
n
y
 
t
i
m
e
 
e
n
e
r
g
y
 
i
s
 
c
h
a
n
g
e
d
 
f
r
o
m
 
o
n
e
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r
,
 
o
r
 
u
s
e
d
,
 
t
h
e
r
e

a
r
e
 
p
r
o
d
u
c
t
s

f
o
r
m
e
d
.

:
1
a
n
y
 
o
f
 
t
h
e
s
e
 
e
n
d
 
p
r
o
d
u
c
t
s
 
a
r
e
 
p
r
e
s
e
n
t
 
d
i
s
p
o
s
a
l
 
p
r
o
b
l
e
m
s
.

W
h
e
n
 
o
u
r
 
l
i
f
e
-

s
t
y
l
e
 
w
a
s
 
n
o
t
 
a
s
 
a
d
v
a
n
c
e
d
 
a
n
d
 
t
h
e
 
m
a
i
n
 
s
o
u
r
c
e
 
o
f
 
e
n
e
r
g
y
w
a
s
 
a
n
i
m
a
l
 
p
o
w
e
r
,
 
t
h
e
 
a
n
i
m
a
l

w
a
s
t
e
 
c
o
u
l
d
 
b
e
 
r
e
t
u
r
n
e
d
 
t
o
 
t
h
e
 
l
a
n
d
 
a
s
 
f
e
r
t
i
l
i
z
e
r
.



6
.
2

S
o
u
r
c
e
s
 
O
f
 
A
i
r

P
o
l
l
u
t
i
o
n
 
'
r
e
l
a
t
i
n
g

T
o
 
E
n
e
r
g
y
 
U
s
a
g
e

(
C
o
n
t
i
n
u
e
d
)

6
.
2

P
l
a
c
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
t
a
b
l
e
 
o
n
 
t
h
e

b
o
a
r
d
 
f
o
r
 
s
t
u
d
e
n
t
s
 
t
o
 
v
i
e
w
.

N
A
T
I
O
N
A
L
 
S
O
U
R
C
E
S
 
O
F
 
M
A
J
O
R
 
A
I
R
 
P
O
L
L
U
T
A
N
T
S

k
m
i
l
l
i
o
n
s
 
o
f
 
t
o
n
s
 
p
e
r
 
y
e
a
r
)

C
a
r
b
o
n

S
o
u
r
c
e

M
o
n
o
x
i
d
e

S
u
l
f
u
r

O
x
i
d
e
s

I
l
y
d
r
o
-

c
a
r
b
o
n
s
.

N
i
t
r
o
g
e
n

O
x
i
d
e
s

P
a
r
t
i
c
-

u
l
a
t
e

M
a
t
t
e
r

M
i
s
c
.

O
t
h
e
r

T
o
t
a
l

T
r
a
n
s
p
o
r
t
a
t
i
o
n

6
6

1
1
2

C
1

*
3
6

I
n
d
u
s
t
r
y

2
9

4
2

6
2

2
5

P
o
w
e
r
 
P
l
a
n
t
s

.
1

1
2

*
3

3
*

2
0

S
p
a
c
e
 
H
e
a
t
i
n
g

'
2

3
1

1
1

*
8

R
e
f
u
s
e
 
D
i
s
p
o
s
a
l

1
*

1
1

*
4

T
o
t
a
l

7
2

2
5

1
8

1
2

1
2

4
1
4
3

*
l
e
s
s
 
t
h
a
n
 
1

2
6

S
t
u
d
e
n
t
s
 
w
i
l
l
 
h
a
v
e
 
h
e
a
r
d
 
o
f
 
m
o
s
t
 
o
f
 
t
h
e
s
e
 
t
e
r
m
s

b
e
f
o
r
e
,
 
b
u
t
 
i
t
 
i
s
 
w
o
r
t
h
w
h
i
l
e
 
t
o

b
r
i
e
f
l
y

d
i
s
c
u
s
s
 
e
a
c
h
 
o
n
e
.

(
1
)

C
a
r
b
o
n
 
m
o
n
x
i
d
e

t
h
i
s
 
i
s
 
a
 
p
o
i
s
o
n
o
u
s
 
g
a
s
 
t
h
a
t
 
f
o
r
m
s

w
h
e
n
 
a
n
y
 
s
u
b
s
t
a
n
c
e
 
b
u
r
n
s

w
i
t
h
o
u
t
 
e
n
o
u
g
h
 
e
x
y
g
e
n
.

I
t
 
i
s
 
m
o
s
t
 
o
f
t
e
n
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
c
a
r

e
x
h
a
u
s
t
.

T
h
i
s
 
i
s

w
h
a
t
 
k
i
l
l
s
 
p
e
o
p
l
e
 
w
h
o
 
s
i
t
 
i
n
 
a

c
l
o
s
e
4
.
-
u
p
 
c
a
r
 
w
i
t
h
 
t
h
e
 
e
n
g
i
n
e

r
u
n
n
i
n
g
.

(
2
)

S
u
l
f
u
r
 
o
x
i
d
e
 
-
 
T
h
i
s
 
i
s
 
a
 
g
a
s
e
o
u
s

c
o
m
p
o
u
n
d
 
o
f
 
s
u
l
f
u
r
 
a
n
d
 
o
x
y
g
e
n
.

S
u
l
f
u
r
 
o
x
i
d
e

c
o
m
b
i
n
e
s
 
w
i
t
h
 
w
a
t
e
r
 
v
a
p
o
r
 
i
n
 
t
h
e
 
a
i
r
 
t
o
f
o
r
m
 
s
u
l
f
u
r
i
c
 
a
c
i
d
 
w
h
i
c
h
 
c
a
n
k
i
l
l
 
p
l
a
n
t
s

a
n
d
 
d
a
m
a
g
e
 
b
u
i
l
d
i
n
g
s
 
a
n
d
 
o
t
h
e
r
m
a
t
e
r
i
a
l
s
.

U
h
e
n
 
b
r
e
a
t
h
e
d
 
i
n
t
o
 
t
h
e
 
l
u
n
g
s
,

i
t
 
c
a
n

d
a
m
a
g
e
 
t
h
e
 
l
u
n
g
 
t
i
s
s
u
e
.

M
o
s
t
 
O
f
t
e
n
,
 
i
t
 
i
s
 
f
o
r
m
e
d
 
i
n
 
p
l
a
c
e
s

w
h
e
r
e
 
c
o
a
l
 
i
s
 
b
u
r
n
e
d
.

T
h
i
s
 
c
a
u
s
e
s
 
t
h
e
 
g
r
e
a
t
e
s
t
 
p
r
o
b
l
e
m
s

f
o
r
 
p
o
w
e
r
 
p
l
a
n
t
s
 
t
r
y
i
n
g
 
t
o
 
c
o
n
t
r
o
l

a
i
r
 
p
o
l
l
u
t
i
o
n
.

(
3
)

H
y
d
r
o
c
a
r
b
o
n
s
 
-
 
A
r
e
 
a
'
w
i
d
e
.
V
a
r
i
e
t
y
-
o
f
c
h
e
l
l
d
c
a
l
s
,

s
u
c
h
 
a
s
 
f
o
u
n
d
 
i
n
 
u
n
b
u
r
n
e
d

,
,
,
a
s
o
l
i
n
e

f
r
o
m
 
c
a
r
 
e
x
h
a
u
s
t
,

I
t
 
i
s
 
m
a
d
e
 
u
p
 
m
o
s
t
l
y
 
o
f
 
h
y
d
r
o
g
e
n

a
n
d
 
c
a
r
b
o
n
.



6
.
2

S
o
u
r
c
e
s
 
O
f
 
A
i
r

P
o
l
l
u
t
i
o
n
 
R
e
l
a
t
i
n
g

T
o
 
E
n
e
r
g
y
 
U
s
a
g
e

(
C
o
n
t
u
n
u
e
d
)

6
.
3

P
r
o
b
l
e
m
s
 
A
s
s
o
c
i
a
t
e
d

W
i
t
h
 
E
x
t
r
a
c
t
i
n
g

F
o
s
s
i
l
 
F
u
e
l
s
 
F
r
o
m

T
h
e
 
E
a
r
t
h

6
.
4

C
o
n
t
r
o
l
 
O
f
 
E
n
v
i
r
o
n
m
e
n
t
a
l

P
r
o
b
l
e
m
s
 
R
e
s
u
l
t
i
n
g
 
F
r
o
m

E
n
e
r
g
y
 
U
s
a
g
e
.

6
.
2

2
7

(
4
)

N
i
t
r
o
g
e
n
 
o
x
i
d
e
 
-
 
T
h
i
s
 
r
e
s
u
l
t
s
 
o
n
l
y
 
w
h
e
n
 
f
u
e
l
s
 
a
r
e
 
b
u
r
n
e
d
 
a
t
 
h
i
g
h
 
t
e
m
p
e
r
a
t
u
r
e
s
-
 
-

s
u
c
h
 
a
s
 
i
n
 
a
 
c
a
r
 
e
n
g
i
n
e
.

W
h
e
n
 
t
h
e
 
n
i
t
r
o
g
e
n
 
o
x
i
d
e
 
i
s
 
e
x
p
o
s
e
d
 
t
o
 
s
u
n
l
i
g
h
t
 
a
n
d
 
o
t
h
e
r

s
u
b
s
t
a
n
c
e
s
 
i
t
 
i
s
 
c
h
a
n
g
e
d
 
i
n
t
o
 
n
i
t
r
i
c
 
a
c
i
d
.

T
h
i
s
 
n
i
t
r
i
c
 
a
c
i
d
 
c
a
n
 
b
e
 
h
a
r
m
f
u
l
 
t
o

p
l
a
n
t
s
 
a
n
d
 
o
t
h
e
r
 
m
a
t
e
r
i
a
l
s
.

(
5
)

P
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r

P
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
 
i
n
c
l
u
d
e
s
 
a
n
y
 
s
u
b
s
t
a
n
c
e
 
t
h
a
t
 
i
s
 
i
n
 
t
h
e

f
o
r
m
 
o
f
 
s
m
a
l
l
 
p
a
r
t
i
c
l
e
s
.

A
m
o
n
g
 
t
h
e
 
m
o
s
t
 
c
o
m
m
o
n
 
c
a
u
s
e
s
 
o
f
 
p
a
r
t
i
c
u
l
a
t
e
 
m
a
t
t
e
r
 
i
s

t
h
e
 
f
l
y
 
a
s
h
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
b
u
r
n
i
n
g
 
c
o
a
l
 
a
n
d
 
o
i
l
 
n
o
t
 
p
r
o
p
e
r
l
y
 
b
u
r
n
e
d
 
w
h
i
c
h
 
f
o
r
m
s

b
l
a
c
k
 
s
o
o
t
 
o
r
 
p
a
r
t
i
c
l
e
s
.

E
n
d
 
t
h
i
s
 
d
i
s
c
u
s
s
i
o
n
 
w
i
t
h
 
t
h
e
 
s
t
u
d
e
n
t
s
 
r
e
a
l
i
z
i
n
g
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
,
 
i
s
 
t
h
e
 
b
i
g
g
e
s
t
 
s
o
u
r
c
e

o
f
 
a
i
r
 
p
o
l
l
u
t
a
n
t
s
 
f
o
l
l
o
w
e
d
 
b
y
 
i
n
d
u
s
t
r
y
 
a
n
d
 
p
o
w
e
r
 
p
l
a
n
t
s
.

C
a
r
b
o
n
 
m
o
n
o
x
i
d
e
,
 
s
u
l
f
u
r
 
o
x
i
d
e
,

a
n
d
 
h
y
d
r
o
c
a
r
b
o
n
 
a
r
e
 
t
h
e
 
m
a
j
o
r
 
f
o
r
m
s
 
o
f
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
b
u
r
n
i
n
g
 
e
n
e
r
g
y

p
r
o
d
u
c
i
n
g
 
f
u
e
l
s
.

6
 
3

P
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
 
a
r
e
 
n
o
t
 
o
n
l
y
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
t
h
e
 
r
e
l
e
a
s
i
n
g
 
o
f
 
e
n
e
r
g
y
 
f
r
o
m
 
t
h
e

f
o
s
s
i
l
 
f
u
e
l
s
,
 
b
u
t
 
a
l
s
o
 
w
i
t
h
 
t
h
e
 
r
e
m
o
v
i
n
g
 
o
f
 
t
h
e
m
 
f
r
o
m
 
t
h
e
 
e
a
r
t
h
 
a
n
d
 
t
r
a
n
s
p
o
r
t
i
n
g
 
t
h
e
m

t
o
 
t
h
e
 
p
l
a
c
e
 
w
h
e
r
e
 
t
h
e
y
 
w
i
l
l
 
b
e
 
u
s
e
d
.

B
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
i
s
 
a
c
t
i
v
i
t
y
,
 
s
t
u
d
e
n
t
s
 
w
i
l
l
 
b
e

a
w
a
r
e
 
o
f
 
a
t
 
l
e
a
s
t
 
t
w
o
 
w
a
y
s
 
o
f
 
o
b
t
a
i
n
i
n
g
 
a
n
d
 
t
r
a
n
s
p
o
r
t
a
t
i
n
g
 
f
o
s
s
i
l
f
u
e
l
s
 
t
h
a
t
 
c
a
n
 
c
r
e
a
t
e

e
n
v
i
r
o
n
m
e
n
t
a
l
 
p
r
o
b
l
e
m
s
.

U
s
e
 
t
h
e
 
s
h
o
r
t
 
s
t
o
r
y
,
 
-
B
l
a
c
k
 
L
u
n
g
,
"
 
A
p
p
e
n
d
i
x
 
C
,
 
a
s
 
a
n
 
i
l
l
u
s
t
r
a
t
i
o
n
 
o
f
 
t
h
e
 
p
r
o
b
l
e
m
s

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
c
o
a
l
 
m
i
n
i
n
g
.

T
h
e
 
s
t
o
r
y
 
c
a
n
 
e
i
t
h
e
r
 
b
e
 
r
e
a
d
 
t
o
 
t
h
e
 
c
l
a
s
s
,
 
p
r
e
s
e
n
t
e
d

b
y
 
a
 
s
t
u
d
e
n
t
,
 
o
r
 
u
s
e
d
 
a
s
 
a
 
g
r
o
u
p
 
r
e
a
d
i
n
g
 
a
s
s
i
g
n
m
e
n
t
.

B
y
 
u
s
i
n
g
 
a
,
 
d
i
s
c
u
s
s
i
o
n
 
q
u
e
s
t
i
o
n
s

a
t
 
t
h
e
 
e
n
d
,
 
t
h
e
 
s
t
u
d
e
n
t
s
 
s
h
o
u
l
d
 
g
a
i
n
 
i
n
s
i
g
h
t
 
i
n
t
o
 
s
o
m
e
 
o
f
 
t
h
e
 
h
e
a
l
t
h
 
p
r
o
b
l
e
m
s
a
s
s
o
c
i
a
t
e
d

w
i
t
h
 
u
n
d
e
r
g
r
o
u
n
d
 
m
i
n
i
n
g
.

S
t
u
d
e
n
t
s
 
c
a
n
 
r
e
s
e
a
r
c
h
 
o
t
h
e
r
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
p
r
o
b
l
e
m
s
 
b
y
 
u
s
i
n
g
 
t
h
e
 
l
i
b
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p
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p
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p
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p
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w
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.
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f
 
t
h
e
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l
d
 
h
a
n
d
l
e
 
s
m
a
l
l
 
q
u
a
n
t
i
t
i
e
s
 
o
f
 
s
o
c
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b
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p
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p
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c
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c
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b
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c
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b
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p
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c
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p
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r
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c
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c
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c
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p
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u
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g
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s
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a
t
e
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n
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e
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r
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l
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o
l
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u
t
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n
 
c
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l
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s
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(
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)
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s
h
 
b
u
r
n
i
n
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o
r
d
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n
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n
c
e
s
,
 
(
5
)
 
t
r
a
s
h
 
d
u
m
p
i
n
g
 
l
a
w
s
,

(
6
)
 
r
e
c
y
c
l
i
n
g
,
 
a
n
d
 
(
7
)
 
u
s
i
n
g
 
w
a
s
t
e
 
h
e
a
t
 
f
r
o
m

p
o
w
e
r
 
p
l
a
n
t
s
 
t
o
 
r
a
i
s
e
 
f
i
s
h
.

P
o
w
e
r
 
p
l
a
n
t
 
a
i
r
 
s
c
r
u
b
b
e
r
 
s
y
s
t
e
m

-
 
.
M
o
s
t
 
p
o
w
e
r
 
p
l
a
n
t
 
a
i
r
 
p
o
l
l
u
t
i
o
n
 
p
r
o
b
l
e
m
s
 
r
e
s
u
l
t
 
f
r
o
m

t
h
e
 
b
u
r
n
i
n
g
 
o
f
 
c
o
a
l
 
o
r
 
o
i
l
 
u
s
e
d
 
t
o
 
m
a
k
e

s
t
e
a
m
.

T
h
e
 
w
a
s
t
e
 
p
r
o
d
u
c
t
s
 
f
r
o
m
 
t
h
e
 
b
u
r
n
i
n
g

c
o
n
t
a
i
n
 
s
u
l
f
u
r
,
 
p
r
a
t
i
c
u
l
a
t
e
'
m
a
t
t
e
r
 
a
n
d
 
o
t
h
e
r

s
u
b
s
t
a
n
c
e
s
 
t
h
a
t
 
c
a
n
 
b
e
 
h
a
r
m
f
u
l
 
w
h
e
n
 
t
h
e
y

g
e
t
 
i
n
 
t
h
e
 
a
i
r
.
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o
w
e
r
 
p
l
a
n
t
 
a
i
r
 
s
c
r
u
b
b
e
r
s
 
a
n
d
 
o
t
h
e
r
 
p
o
l
l
u
t
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n
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o
n
t
r
o
l
 
d
e
v
i
c
e
s
 
a
r
e

d
e
s
i
g
n
e
d
 
t
o
 
r
e
m
o
v
e
 
m
o
s
t
 
o
f
 
t
h
e
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e
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r
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f
u
l
 
s
u
b
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c
e
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p
p
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a
 
d
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r
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m
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f

t
h
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y
s
t
e
m
 
p
r
e
s
e
n
t
l
y
 
b
e
i
n
g
 
u
s
e
d
 
a
t
 
t
h
e
 
e
l
e
c
t
r
i
c
a
l

p
l
a
n
t
 
i
n
 
L
a
 
C
y
g
n
e
,
 
K
a
n
s
a
s
.

I
n
 
t
h
e
 
L
a
 
C
y
g
n
e
 
p
o
w
e
r
 
p
l
a
n
t
 
t
h
e
 
e
x
h
a
u
s
t

g
a
s
 
i
s
 
r
e
m
o
v
e
d
 
f
r
o
m
 
t
h
e
 
b
o
i
l
e
r
 
a
r
e
a
 
a
n
d
 
m
o
v
e
d

i
n
t
o
.
t
h
e
 
f
i
r
s
t
 
s
t
a
g
e
 
o
f
 
t
h
e
 
s
c
r
u
b
b
e
r
.

I
n
 
t
h
i
s
 
f
i
r
s
t
 
s
t
a
g
e
,
 
t
h
e
 
w
a
s
t
e
 
g
a
s
 
i
s
 
m
o
v
e
d

a
t
 
h
i
g
h
 
s
p
e
e
d
s
 
a
n
d
 
s
p
r
a
y
e
d
 
w
i
t
h
 
w
a
t
e
r
.

T
h
e
 
w
a
t
e
r
 
c
o
m
b
i
n
e
s
 
w
i
t
h
 
t
h
e
 
f
l
y
 
a
s
h
 
p
a
r
t
i
c
l
e
s

a
n
d
 
t
h
e
y
 
s
e
t
t
l
e
 
t
o
 
t
h
e
 
b
o
t
t
o
m
 
a
n
d

a
r
e
 
c
o
l
l
e
c
t
e
d
.

W
a
t
e
r
 
S
p
r
a
y

E
x
h
a
u
s
t
 
a
n
d
 
G
a
s

F
r
o
m
 
B
o
i
l
e
r
 
A
r
e
a

F
a
n
 
t
o
 
M
o
v
e

t
h
e
 
E
x
h
a
u
s
t
 
a
t

H
i
g
h
 
S
p
e
e
d
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p
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u
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b
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.
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f
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c
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c
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c
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b
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c
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c
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c
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i
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h
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c
o
n
d
 
s
t
a
g
e
,
 
t
h
e
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t
 
g
a
s
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r
d
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t
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e
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r
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h
e
r
e
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e
x
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r
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r
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e
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o
t
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s
 
r
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n
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d

t
o
 
t
h
e
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o
s
p
h
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r
e
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h
r
o
u
g
h
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h
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g
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X
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a
u
s
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a
s
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o
m
 
S
e
c
o
n
d
 
S
t
a
c
e

B
y
 
t
h
e
 
t
i
m
e
 
w
a
s
t
e
 
g
a
s
 
h
a
s
 
p
a
s
s
e
d
 
t
h
r
o
u
g
h
 
t
h
e
 
s
c
r
u
b
b
e
r
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9
 
p
e
r
c
e
n
t
 
o
f
 
t
h
e
 
p
a
r
t
i
c
l
e
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a
t
t
e
r
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d
u
s
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n
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a
s
h
e
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n
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c
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b
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x
p
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d
i
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c
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c
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y
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c
r
u
b
b
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c
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c
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u
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P
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h
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c
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t
o
 
a
n
d
 
f
r
o
m

t
h
e
 
t
r
i
p
 
s
i
t
e
 
w
i
l
l
 
b
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MATH ACTIVITIES

1. Food Energy Problems

A. In 1970.the average American consumed 1,500 pounds of food. How many pounds
of food did each American eat each day?

B. Daily this food provided the average person with 3,300 calories. How many
calories are in each pound of food?

C. How many calories of energy are contained in the years supply (1,500 pounds)
of food for one person?

D. To produce, process, transport, store, and prepare this one person's food
requires 2,000 trillion calories of energy in the United States. Is this

more energy than our body gets from the food?

E. How many times larger is this energy input than the energy we get from the
food?

F. Where does this supply of "excess" energy come from?

G. How do you think this energy usage compare with the energy used to provide
food for people of other countries?

2. Energy and Air Pollution

A. Ducing an average winter day it is estimated that 335 tons of particulate
matter goes into the air over New York City from cars and industry. Most

of this eventally settles to the ground. How many tons of air polluting
settles to the ground during the winter months? At this rate how many tons
of air polluting particles goes into the air over New York City in a year?

B. There are 2,000 pounds in a ton. How many pounds of air polluting "stuff'

is this?

C. There are around 7,800,000 people living in the New York City area How

many pounds of air pollution is this for each person?

D. In Kansas City during the winter as much as 67 tons of dustlike particles
fall from the air on each square mile of surface during a month's time.
How many ton will fall on each square mile during a year at this same
rate?

E. There are around 320 square miles of area covered by Kansas City. What is

the total tons of "stuff" falling on Kansas City?

F. Around 503,000 people live in the Kansas City area. How many pounds of

particulate air pollution is this per person?

G. Two hundred million tons of gases and particles goes into the air over the
United States each year from our homes, industry, cars, and other sources.
The United States population is around 200,000,000. What is the total amount
of "stuff" going into the air for each person?
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3. Heat Energy

A. To heat one gallon of water one degree Fahrenheit in an electric water heater
requires 0.0024 kilowatt-hours (kwh) of energy. How many kwh of energy would
it require to heat 50'gallons of' Water one. degree Fahrenheit?

B. Many home water heaters hold 50 gallons of water. The water entering the
water heater may be 40 °F. The water heater raises the water temperature
to 150°F._.How many degrees is the water Lo be heated?
How many kwh of energy does it take to heat the 50 gallons of water from
40°F to 150°F?

C. Electrical energy cost around three cents for each kwh. How much does it
cost to heat the 50 gallons,of water from 40°F to 150°F?

D. If a hot water faucet leaks one drop a second it will waste 70 gallons in
a year. Assume this water was heated from 40°F to 150°F, how much energy
was wasted in a year? How much did thiscost at the rate of three cents
per. kwh?

E. A gas operated 40 gallon water. heater is rated at.42,000 Btu's per hour.
Each gallon of water requires 3.33 Btu's to change it's temperature one
degree. Fahrenheit. How many Btu's are required to heat 40 gallons of
water 1°F? How many Btu's are required to heat the
40 gallons from 40°F to 150°F? Can 40 gallons of water
be heated from 40°F to 150°F in one hour?

4. Energy for Transportation

A. The average. American car uses 772 gallons of gasoline each year, and gets
13.3 miles per gallon of gassoline. How many miles does the average car
travel in a year?

B. Each gallon of gasoline contains about 125,000 Btu's of energy. How many

Btu's does the 772 gallons of gasoline the average car burns each year
contain?

C. There are nearly 98,000,000 privately own cars in the United States. How

many total gallons of gasoline are used each year if each car uses 772
gallons?

D. A Ford Pinto weights about 2,500 pounds and gets about 21 miles per gallon
of gasoline. A full size Ford weights about 5,000 pounds and gets about
10 miles per gallon of gasoline. If a family travels 12,000 miles during
a year, how many gallons of gasoline would they need if they owned a Ford

Pinto? How many gallons will they save by driving

the Pinto? If gasoline costs 40 cents per gallon, how
many dollars would they save?

E. How many gallons of gasoline will the full size Ford in the above problem
need to drive for one hour at a speed of 70 miles per hour (assume 10 miles
per gallon)? if the energy in each gallon is equal to 38.3
kwh, how many kwh is the gasoline used in one hour equal to?
(This is nearly the same amount of energy the average family uses in the
form of electricity during a whole week.)
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5. Power - Energy Problems

This information may be helpful when working the power-energy problems.

'Power is the force that is required to do the work. It is often measured in
watts (for electricity) or horse power (for motors and engines).

Energy is the "stuff' that provides.the power or force, hence, the more power
needed the more energy used. Energy is measured in large Calories (for food),
small calories (heat), British Thermal Units (Btu), (for large heat units), and
kilowatt-hours (kwh), for electricity.

Power conversion equivalents for electrical operated equipment: Watts = Voltage
times amperes (the voltage and amperes are printed on many appliances).

'1. kilowatt = 1,000 watts or 10 watts -,
1 megawatt = 1,000,000 watts or 106 watts
1 horsepower (hp) = 746 watts

Energy units and equivalents

1 kilowatt-hour (kwh) = 1,000 watts power for one hour
1 large Calorie (food) = .0012 kwh or 1.2 watt-hours
1 British Thermal Unit (Btu) = 0.00029 kwh
1 hour of human labor = .06 kwh
1 kilowatt-hour = 34.3 Btu"s

A. If a 60 watt bulb is used for five hours,. many watt-hours of energy
are consumed? How many kilowatt-hours is this equal
to?

B. If an iron operates on 110 volt of, electricity and requires 10 amperes to
operate it, what is its wattage requirements?
If the iron is used eight hours per week,' how much energy (kilowatts-hours)
does it use in a year?

. .
. .

C. An electric clothes dryer uses about 5,000 watts of power. How many kilowatt-
hours of energy is required to dry four loads during the week if it takes

-one-half hour. to dry each load? What is the weekly cost
to.operate the dryer if it cost three cents for each kwh of energy?

D. Instant on model televisions are constantly using electricity to keep the
set warm. Many models use about 25 watts power to do this. How many watts
hours is this in a year? How many kwh?

What does this cost at the rate of three cents for each
kwh?

E. A standard refrigerator uses about 580 kwh of electricity in a year. A
frost-free refrigerator of the same size will use about 750 kwh of electricity
in a year. How much more energy does the frost-free refrigerator use?

At a cost of three cents per kwh, what does each type refri-
gerator cost to operate for a year? How much more does the
frost-free convenience cost?

F. Efficiency of clothes dryers and air conditioners vary greatly. Efficiency
ranges from 4.7 to 12.2. The higher the number the more service you get
from the energy used. Find the efficiency by dividing the Btu per hour rat-
ing by the number of watts input. The Btu and watt numbers are printed on
the machines.
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ENERGY RELATED STUDENT ACTIVITIES

1. Contact a local home insulating business, power company, or gas service company
for information about: (1) proper home insulating to conserve energy, (2) types
of insulation, (3) how much is needed under floors, in walls, over ceilings,
and how to best insulate windows, and,(4) what is R value?

2. Have parents and/or neighbors carefully record their car mileage and gasoline
usage for two weeks. From this information calculate the miles per gallon for
each car. Compare the miles per gallon of each car based on weight, size, age,
types of driving, and, date of last tune -up.

3. Ask parents for their old electricity and gas receipts for the last two to five
years. Construct graphs showing the monthly cost of each of these sources of
energy for a family.

4. Keep a record for two weeks showing every time your family cars are driven,
what they were used for, how far the cars traveled each trip, and who was
driving.

5. Select a rather busy street near your home and count the number of cars, trucks,
buses, other vehicles, and the number of people each vehicles.

6. Contact your local grocery store manager. Ask him to explain: (1) the problems
he has in handling returnable type soft drink containers, (2) ways he thinks
consumers could be made more aware of the energy saved by using return contain-
ers and recycled material.

7. Keep a careful record of all your activities for one week. Beside the activity
indicate the types of energy you were using.

8. Get up-to-date information about energy by contacting your state, local, and
federal government officals. Write for specific information important to you
and ask to have you- name placed on their mailing list. Your school librarian
can provide you with current names and addresses of elected officals.

9. Start an energy, saver for the week poster program. 2.ach week, make posters

shOwing how energy can be saved. Select a different area of energy usage for
each week. Areas might be: home, travel, school, business, industry, and
recreation. Try to have the posters show how students can influence the energy
usage in each area. Students may need to do special research for the poster
information.

10. Do research on how to construct simple model of an electrical generator.
Construct the model generator and explain its operation to the class.

11. Make large posters illustrating different sources of energy and how they can
be captured for our use. Some examples;, (1) hydroelectric, (2) tidal,
(3) solar, (4) winds, (5) geothermal, and (6) nuclear.

12. Use the library and other sources to find out what kind of pollutants are
formed when gasoline is used in cars. How do these pollutants affect plants,
animals, man, and buildings.
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13. Contact the local heart and lung association offices for information about how
pollution resulting from our using energy affects health.

14. Use the library and local car dealers to find out how car air pollution control
devices operate.

15. At the present time, the demand for electricity by citizens of the United States
doubles every 10 years. Hake a'graph illustrating our electrical usage if we
continue at this rate.

16. Construct a scrapbook of articles and newspaper clippings about energy. Compare

the facts from different sources that are dealing with the same topic.
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FACTS AND .COMFETS FOR DI:SCUSSION

1. A 100 watt incandescent light bulb left buying for a month will use about two
dollars worth of electricity.

2. Flourescent lighting is four times as efficient as incandescent lighting and
each lamp lasts from seven to ten times as long.

3. Frost-free refrigerators require about 50 percent more energy than standard
models.

4. The United States contains only 6 percent of the world population, but consumes
one-third of the world's energy.

5 "There are two things wrong with coal today. We cannot mine it and we cannot
burn it." This was on a sticker on a car bumper.

6. Forty-six percent of our energy is lost or wasted before it gets to the consumer.

7. For every 10 gallons of gasoline that gets into a car the equivalent of two
gallons are required to make and transport the 10 gallons to the car.

8. To manufacture and deliver one automoblie requires 150 million Btu's of energy.
This is equal to the energy in 1,200 gallons of gasoline or enough to drive
the car 16,000 miles.

9. A ?ot of energy is wasted by industry and power plants as heat which causes
heat pollution problems.

10. Sea life in the area of a nuclear fuel reprocessing plant in West Valley, N. Y.
shows high levels of radioactive material in their bodies.

One-fourth of all electricity produced goes into lighting.

12. The 1965 recommended lighting level is 2,000 times brighter than the 1910 level.

13. Some scientist believe that reading in lower levels of lighting strengthens
the eyes.

14. Some modern buildings have so many lights that they produce enough heat to keep
the building warm without other heating until the outside temperature gets down
to 10°F.

15. About 50 percent of our freight is moved by trains and they use only about
10 percent of the transportation energy supply.

16. About 50 percent of our freight is moved by trucks and airplanes and they use
nearly 90 percent of the transportation energy supply.

17. The more energy an individual can control the more he can alter or change the
environment,



A-8

DIRECTIONS FOR COMPLETING THE "HOHE USE OF ENERGY CHECK LIST"

It is suggested that you not require students to place their names on the check list.
This may prevent some students hesitating to fill it out.

Column I: In the first column, the students are to record the number of the given
item present in their home. If they don't have the item in their home, place zero
in the space.

Column II: In the second column, they indicate how important they feel the item is
to them. They can use a one to four scale, one being very important or they can use:
l (very important), 2 (important), 3 (like it, but could do without), and 4 (not
important).

Column III: The third column contains a list of items found in many homes. After
the students have checked on the listed items, spaces are provided for them to add
other items found in their homes.

Column IV: In column four, the students record the energy the item requires. Nany
items contain plates listing wattage or Btu's. The watts or Btu's will give some
relative amounts of energy required. If the students cannot find the watts or Btu's
for an item, place a question mark in the space. This column will help students
determine which items are the biggest r_nergy users.

Column V: In column five, the students indicate the form of energy going into the
item to power it. It could be (E) electricity, (NG)natural gas, (C) coal, CI) man's
energy, (B) battery, (W) wood, or some others. Sometines, there will be two
different types of an item. Radios could be batteries or electrical. In this
case, students should indicate both.

Column VI: In column six, the students indicate the type of energy produced or
given out by the item. It could be (H) heat-(L) light, (:O) motion, or some other.

Column VII: In column seven, students indicate hOw'the item helps them. For

example: keeps me warm, provides light, makes the work easier, saves time, etc.

Column VIII: In column eight, students estimate the number of hours the item is in
operation in an average week.
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Electric Radio

Portable Radio

Electric Can Opener

Blender

Range (stove)

Refrigerator

Dishwasher

Nixer
Hand-operated Can
Opener

Popcorn Popper

Toaster

Electric Skillet

Food Grinder

Waffel Iron

Humidifier

Telephone

Lamp

'Television

Toothbrush

Pencil Sharpener

Hair Dryer

*See direction sheet for more extensive directions CA how to complete this check list.
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Home Use and Energy Check List (Continued)

Doorbell

Vacuum Cleaner

Furnace

Water Heater

Hand Saw

Saber Saw

Drill

Sander

Grill

Porch Light

Clock

Sewing Machine

Record Player

Shoe Polisher

Movie Camera

Iron

Candles

Broom

Washer

Dryer

Ceiling Light

Fan

Deepfreeze

Mop

Vaporizer

Electric Razor

Fireplace

Toothbrush
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Home Use and Energy Check List (Continued)

Toys

Flashlight

Radio

Car

Grinder

Bell

Saw

Knife

Electric Blanket

Hot Plate

Garbage Disposal

Bun Warier

Addinc Machine
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DATA ILLUSTRATING UNITED STATES ENERGY USAGE*
(Trillions of British Thermal Units)

Oil and
Natural Water Nuclear

Year Coal Gas Power. Power Total

1900 .6,841 481 . 250 - 7,572
1902 7,763 663 289 - 8,715
1904 3,952 864 .. 354. . - 10,170
1906 10,541 966 414 - 11,921
1908 10,515 1,247 476 . - 12,238
1910 12,714 1,547 539 - 14,800
1912 13,440 1,653 615 15,703
1914 12,901 1,957 676 - 15,534
1916 14,737 2,315 729 17,781
1918 16,973 2,713 750 - 20,436
1920 15,504 3,5.03. 775 19,782
1922 12,623 3,912 675 17,215
1924 14,731 5,037 .685 20,453
1926 15,915 5,815 765 - 22,495

1928 14,940 6,551 890 - 22,381

1930 13.639 7,364 705 - 22,283

1932 9,324. 6,342 726 16,392
1934 10,413 6,793 721 - 17,937

1936 12,048 3,529 . 041 - 21,418

1938 9,959 9,022 899 - 19,880

1940 12,535 10,456 917 - 23,908

1942 15,534 11,136 :1,177 - 27,897

1944 . 16,956 13,470. 1,337 - 31,821
1946 14,479 14,569. 1,446 30,494
1948 14,897 17,590 1,507 - 33,994
1950 12,913 19,639 1,601 - 34,153

1952 11,368 23,094 1,614 36,576
1954 10,195 24,686 1,479 - 36,360

1956 11,948 28,461 1,598 - 42,007

1953 10,090 29,663 1,740 - 41,493

1960 10,414 32,771 1,775 6 44,966

1962 10,523 35,294 1,780 23 47,620

1964 11,660 38,295 1,373 34 51,362

1966 13,030 41,819 2,062 57 56,963

*Sources: U. S. Bureau of nines
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ENERGY USERS:
Scrailbler. 7o.:1:

S A I.? T E L E V I 0

D F I R D E R

I U D R Y It A

S R 0 P z 0

ii T 0 B L D

tl A S U R L I C I A

A A R A 0 X A

L T T 0 D

H A A 0 Tvi T R D P

E T Y C S D R L L L R

R F P S A F E A .11

R A z 0 R U N 13. S

T E L N E P

doorbell fireplace toys

dryer dishwasher razor (2)'

mop radio television
broom fan (2) grinder
washer mixer bell
iron blender car (2)

toaster lamp (3) saw
furnace grill knife
telephone clock run (2)

drill range ear (2)

candles



A-14

ENERGY USERS
Scrambler No. 2

F

H

F

0

L
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G
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S H R V "t4

S S K I C

R E Lt R 0 A to

U B L T N E

R S T F R

S V C 0 R E

B I L Ii A

0 I D L H A T I N G

V K I R I L R A

E A F A U I

F. II I N I S L

A T E R C 1-, C N L

T 0 Y S Id D E S II

self-cleaning bike (2) radio
frost-free oven lamp
television fire home
humidifier cooling cook
drafts freezer ranch
heater leaks life
sander skillet toys

camera heater fun (2)
range iron me
heating can we
blanket grill us
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ENERGY USERS
Scrambler No. 3

.
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0 A R E C - 0.- N U
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S

I
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D:

motorcycles
motorboat
recreation
bus
man
manufacturing
factories
industry
walking

'Pfant

foqd
war
people
pumping
farming
processing
planes
send

drilling
,auto
ships

.barge

jet
Signal
homes
train
truck
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ENERGY SOURCES
Scrambler No. 4

G A S I F I C A T I, 0 N N

R E L E C T R I C I T

E S 0 L A R C E L L I 'C

E M E T H A Td E S D B L

N P U E R E

P R N E A

L 0 A H Y D

A P R I V E R M U 0 0 D 0

N A T U R A L G A S E C

T N H U 0 I L S 0 L A R E

S E U D 0 M E S T I C A

G A S 0 L I N E C 0 A L N

M A N P E T R 0 L E U U S

gasification
electricity
nuclear
solar
solar cell
oceans
domestic
petroleum
coal

gasoline
man
natural gas
river
wood
hydropower
kerosene
food
methane

propane
breeder
green plants
manure
oil
geothermal
sun
tide
earth
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ENERGY RELATED TERMS
Scrambler No. 5

C A L 0 R I E S F S E P

P 0 L L U T I 0 N H U L 0

G ' E N E' R A T 0 R E N E 0

F a S S I L. B A C L

L F T H E R M 0 S T A T B

T I E N. E R G Y Y U R R

U C G A S ' C V G G A S I 0

R I I H N C 0 A L T L C W

B E S U T L I S T 0. A I N

I N S C 0.. A L A T I W T 0

N C U C. P

,

0 W E R L 0 Y U.

E Y E. N V I R 0 N II E N T

K I L 0' W A T T S P E E D

conservation
thermostat
environment
brownout
electricity
calories
ecology
energy
generator
efficiency

pollution
fossil
Btu
watts
cost
light
coal (2)
heat
kilowatts

speed
turbine
fuel
gas (2)
oil (2)
sun (2)
power
pool
issue
law
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Sun

Grass

Cow

T:lan

E-TERGY PATH NO. 1

A-20

,1

)11 I

Energy from the sun is

)V\4 captured by the green plants

?

g

Energy from the sun, moves
the green plant to the

first consumer

Energy from the sun, moves
from first consumer to the
second consumer



Sun

Algae in
the seas

Microscopic
sea animals

Small fish
and other
small
sea
animals

ENERGY PATH NO. 2

N

Large sea
fish such as

tuna

Han

A-21

The sun's light contains
energy that is trapped by
the green plants (algae).

The microscopic animals
get their energy by eating
the green plants that
contain energy from the
sun.

Larger animals obtain their
energy by eating smaller
animals that contain energy
from the sun that was first
captured by green plants.

The largest animals obtain
their energy by eating
smaller animals that con-
tain energy from the sun
that was first captured
by green p/ants.

Nan obtains his energy from
the food he eats which con-
tains energy from the sun 4

that was first captured by
green plants.
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APPENDIX B

Graphs, Naps, and Charts

Home Energy Usage Graph B- 2

Business Energy Usage Graph B- 3

Factory Energy Usage Graph B- 4

Transportation Energy Usage Graph B- 5

Ways the United States uses its Energy B- 6

United States Coal Supply Locations B- 7

United States Oil Supply Locations B- 8

United States Natural Gas Supply Locations B- 9

,Erorld Supply of Fossil Fuel B-10

World Distribution ref Oil, Coal, and Natural Gas B-11

United States Fossil Fuel and Usage Supply Graphs B-12

United States Population and Energy Consumption Graph B-13

Life Style Compared to Energy Used Per Person B-14

Carbon Dioxide Concentration in the Atmosphere B-15

Emphysema Frequency B-16
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HOME ENERGY USAGE GRAPH

15.1%
Water Heating



7.6%

Water "'eating

BUSINESS ENERGY USAGE GRAPH

7.6
Refrigeration

12.52
Air Conditioning

24.3%
Other

43%
Office Heating
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FACTORIES ENERGY USAGE GRAPH.

27.7%

Heating Raw Materials

40.5%
Steam for Operating Machines
and for Maintaining Constant
Temperature of Materials

31.8%
Ocher
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TRANSPORTATION ENERGY USAGE GRAPH

14.5%
Between City Freight

26.1%
Between City Passenger



WAYS THE UNITED STATES USES ITS ENERGY

Transportation

24.9%
Other

14.5%\\
Between '

City Freight

P.efrig,eration

Water Heating

Air Condition.

Business

B-6

48%
Office

Heating

12,5%
24.3%
Other

Factories

27.7%
Heating
Raw

Materials

31.8%
Other Home

40.5%
Steam for Operating

Machines and for
taining Constant Tethper-
ature of Materi4ls

Air Condition. 3.7%

Refrigeration 5.77

Cooking 5.7%

Other 12.5%

57.3%
Home
eating

Water Heating 15.1%
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WORLD SUPPLY OF FOSSIL FUEL



WORLD DISTRIBUTION OF OILS COAL, AND NATURAL GAS

Coal

Oil

B-11

56.4%

19.5%
United States

3.9%
Asia

(non-USSR)
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North
America
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United
States
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Other
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Africa

Other
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East
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Latin America USSR and China

Natural Gas

10.5%

9.8%
Western

4.3. EUrope
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Far
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CARBON DIOXIDE CONCEATRATIO;:i IN THE ATMOSPHERE*
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*?Jeasurements and predictions based on iiauna Loa, Hawaii.
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EMPHYSEMA FREQUENCY *

St. Louis

Negative

20-49 Years

50-69 Years

70 Years
and Above

Mild

Winnipeg

Moderate Severe

0/7/1

Prevalence of Emphysema in Two Cities
with Contrasting Levels of Air Pollution

Prevalence of emphysema, as found in a 1960-66 post-mortem examination of the lungs
of 300 residents of heavily industrialized St. Louis, Missouri and an equal number
from relatively unpolluted Winnipeg, Canada. The subjects were well matched by sex,
occupation, socio-economic status, length of residence, smoking habits, and ape at
death. The findings clearly suggest a link between air pollution and pulmonary
emphysema.

*Source: Air Pollution Primer, National Tuberculosis and Respiratory Disease
Association, 1969
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APPENDIX C

Short Articles

Hydroelectric Energy C- 2

Geothermal Energy C- 4

Solar Energy. . C- 6

Energy from Waste C- 7

Nuclear Energy C- 9

Energy from Wind C-11

Energy from Tides C-12

Gasification of Coal C-13

Oil Shale C-14

Black Lung C-16

Hydroelectric Energy C-20

Geothermal Energy C-21

Solar Energy C-22

Energy from Waste C-23

nuclear Power Plant C-24

Energy from Tides C-25

Gasification of Coal C-26

Processing Oil from Oil Shale C-27
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FnannECTRTC ETIEMY

The prefix 'hydro- comes from the Greek word for water! thus, hydroelectric energy
refers to electrical energy from water. About four percent of the electricity in
the United. States is produced by hydroelectric generating -'ants..

A hydroelectric generating plant is usually located behind a large man-made dam.
Water is allowed to flow through a pipe in the dam and over fanlike blades on a tur-
bine. The moving water makes the fan blades turn. These turbine blades are con-.
fleeted to a generator. This generator produces electricity like any other electric
generating plant.

Where did this hydroelectric energy come from and how many different forms does it
go through? This seems to be an easy question, but it involves many processes and
a lot of energy. First, the water must Pet into the reservoirs in front of the dam.
It gets there by evaporating from oceans, land, rivers, etc. Once it evaporates,
it forms clouds which are moved over the land by winds. If the clouds cool, the
water fails as rain. Some of this rain water roves along streams and rivers into
the reservoir. By this time, the water has needed and used heat energy from the
sun, motion energy from the atmosphere, and gravitational energy of the earth.

As the water moves through the dam and over the turbine blades, the energy from
gravity is pulling the water downward. The turbine changes the gravitational energy
into circular motion energy. As the turbine causes the generator to turn, the
circular motion is changed into electrical energy. The electrical energy is trans-
ported to homes over wires where it is changed into heat, light or used to run
motors.

'Hydroelectric power is one of the cheapest forms of electricity and does not cause
air pollution. The problems with developing more electricity from hydroelectric
power plants are these! (1) Large dams are required. (2) All the best sites for
large dams are already used. (3) Dams change the ecology of the rivers where they
are built. Today there are over 1,500 hydroelectric power plants in the United
States.

As the good sites for hydroelectric power plants are used up, a new type of
hydroelectric Plant is being built. This new type plant is called a pumped storage
power plant. It consists of a reservoir just below the first one. After water flows
out of the first reservoir and past a turbine, it is caught in the lower reservoir.
At night when people do not need as much electricity, the water in the lower reser-
voir would be pumped hack into the higher reservoir so it could again be used to
male electricity. The energy to pump the water back would come from another power
plant which also makes more electricity than is needed at night. A pump storage
power plant of this type does not reluire as large an upper reservoir as 3 normal
hydroelectric plant, but requires more land because there are two reservoirs.
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WYDROELECTRIC POWER

nuestions

1) Where does the phrase "hydroelectric power' come from?

2) Why does the generating of electricity from hydro power cause fewer pollution
problems?

3) Describe the process of making electricity in a hydroelectric power plant.

4) Pow does the energy pet into the water?

5) What are the problems preventina us from developing more electricity from
hydroelectric power plants?

6) What is different about a pump storage power plant?
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GFOTHITS (AL 17,FT1GY

The core or inside of the earth is extremely hot. It is believed that this heat
results from nuclear type reactions occurring in the material that is tightly
squeezed in the earth center. This heat is constantly moving out of the earth into
the atmosphere. Usually the amount of heat coming out at any time is so small we
do not notice it. There are a few places, however, where the earth's crust is so
thin or cracked that this heat is rapidly moving out of the earth. Geysers or other
types of steamy water spouts are found in these areas.

In some places, Iceland for example, people have developed ways to capture this heat
and use it for cooking, heating homes, heating offices, and producing electricity.
In areas where the earth's crust is thin, but not cracked, holes can be drilled
through the crust into the hotter layers below, mater is pumped onto the hot layers,
causing the water to change to steam. The steam causes pressure which can be used
to turn electrical generators. In the United States there are 14 states in which
the earth's crust is thin enough that it is posSibIe to drill holes and capture this
heat (geothermal) energy. One of the largest potential geothermal fields is located
about 75 miles north of San Francisco.

Using the natural heat of the earth appears to be a cheap and clean source of power.
Geothermal energy is being used in some places but should not be considered the
answer to all our energy'needs. 'There are many environmental problems related to
capturing and using geothermal energy: (1) There are only a few geysers sut- as
Old Faithful which, have a lot of geothermal energy in one place, so most of the heat
energy must be reached by drilling wells and forcing water dam onto the hot rocks.
(2) Each well can only produce a small amount of electricity so there must be many
wells. (3) Generators that change the steam into electricity are very noisy.
(4) There is no way of knowing how long a geothermal well will produce once it is
drilled. (5) The areas that can be used in capturing geothermal energy are also
areas in which there are faults and earthquakes. There is great concern about
causing serious earthquakes when the heat is removed from these areas. (6) Host

of the areas which would be selected are now being used for farming, industry, cities,
or national parks. (7) The steam from the wells has salt and other minerals that
must be disposed of without ruining the environment or damaging equipment.

Advantages to using geothermal energy are the following: (1) no dams are needed,
such as are needed for hydroelectric power° (2) less air pollution as compared to the
burning of coal and oil: and (3) absence 6f radioactive prOblems such as from nuclear
reactors.

Few countries have yet developed t.:le necessary processes and equipment to use their
geothermal energy supplies. As other sources of energy becore hard to get, more
research will be done cx-: ways to use geothermal energy. Today, it does not appear
that geothermal energy will be a big source of power in the United States.
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GEOTHETYIAL ETTICY

Questions and Activities

1) What does the phrase 'geothermal energy' mean?

2) What is the source of geothermal energy?

3) What areas of the earth have places where geothermal energy can he obtained?

4) What are some of the problems that prevent geothermal energy from being widely
used?

5) What are some of the advantages to using geothermal energy?

6) Find articles on geothermal energy and share them with others.

7) Draw diagrams illustrating the way geothermal energy is captured and processed.

8) Use the library to do research on the power Sources for people living in
Iceland. Why are they not using a lot of the geothermal energy available in
their area?

9) Why has the use of geothermal energy not beeilresearched and developed in the
past?
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SOLAR ENERGY

The sun is our greatest potential energy source. It pours 100,000 times as much
energy onto the earth as the world's present output of electric power. One method
of capturing the sun's energy is through a solar furnace. This furnace consists
of a large, curved mirror that collects and focuses the sun's energy into a small
area. The mirror acts like a magnifying lens, used to burn a piece of paper. These
solar furnaces can reach 6,000°F. In one minute, a 12-inch hole could he burned
through a 3/8 inch piece of steel. This heat can be used to boil water, and the steam
is used to drive electric generators.

Another method of capturing the sun's energy involves absorbing the sun's heat in
liquid-filled pipes. The-pipes are arranged so the heat collected by the liquid
is used to operate steam turbine electric' generators. Eight square miles of collect-
ing area would be capable of producing a million kilowatts of clean, pollution-free
power. This is comparable to the output of a typical new nuclear plant.

Others have proposed placing spacecraft with large solar cell panels above the earth.
The. energy collected by these solar cells in stationary orbit would be sent back
to the earth by microwaves. Three'big problems prevent this system from working:
(1) Today, solar cells cost about four dollars for one cell the size of a thumbnail
(25 square miles of cells would be needed to supply just New York City). (2) It
would be hard to get the solar cells into space and maintain them. (3) No one has
studied the effect of microwave beams carrying thousands of megawatts of energy on
the atmosphere and flying objects such as planes.

The greatest advantage to using the solar energy directly is that it is less
polluting once the collectors are made. Keep in mind that the energy stored in coal,
oil, natural gas, and garbage was captured from the sun and stored by green plants.
When we use them for fuel we are really using solar energy, just in a different form.

All three methods of capturing the sun's energy directly are being tested and tried.
A large solar furnace has been-cOnstructed in France. Several pilot homes have been
constructed which trap the sun's energy in water pipes and use it to heat the homes.
Solar cells have also been used to help power spacedraft and highway telephones.

Another often overlooked place where the sun's energy has been trapped directly for
several years is the greenhouse. When sunlight goes through glass and strikes some
object, if changes form and cannot all get back out. This trapped sunlight is
changed to heat. This is why you often feel warm if you stand behind a glass through
which the sun is shining.

Questions

1) What are some advantages to capturing energy directly from the sun?

2) Describe three of the ways being studied as methods for capturing the sun's
energy.

3) What are some of the problems preventing our using more solar energy?
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ENERGY FROM WASTE

When living matter dieS, it starts to decay or rot. Through this decaying process,
gases escape into the air and minerals are returned to the soil for reuse by green
plants. By using this natural process inventive persons haVe developed another
source. of energy and are helping eliminate our present-day problem of "what to 'do
with.our solid waste." These systems are called methane generation. The prOcess
is relatively simple and is used in, several countris for a small scale energy
supply.- Any kind of dead plant or animal material can be used to operate the
generator. This could be grass clippings, kitchen waste, animal manure', etc. The
material is placed inside a large sealed tank so no air can enter. Water is placed
in the tank until the mixture is like thick soup. A certain bacterium that zan live
without oxygen starts eating the material and releasing methane gas. Methane gas
is much like natural gas and can be used for hone heating, running engines, etc.
The methane gas is collected and piped to wherever it is to be used. The material
left after this process makes a good fertilizer.

There are several problems currently associated with this type of energy production:
(1) Temperatures must be carefully controlled for the bacteria to live. (2) Several
days are required for the process to occur: (3) The mixture must be constantly .

mixed. (4) Technology has not been developed to make this an efficient system.
(5) Getting waste and garbage collected and separated from nonusable material such
as glass, iron, etc. requires new systems.

Many city sewage treatment systems like Topeka use a similar process in treating
the solids from sewage. The Topeka system uses the methane gas to power their air
pump engines.

With growing concern for energy, research on ways of improving the methane generators
is being conducted at many locations'including Kansas State University in Manhattan.
It is predicted that by using manure, from cattle feed lots, and other agricultural
waste materials, 13 percent of the e-demand for electricity in Kansas can be met from
energy produced by methane- generators. At present-, the methane would cost around
72 cents per one thousand-cubic-feet, compared to natural gaS costing 25 - 35-eents
per one thousand cubic feet. In two years natural gas. may increase to one dollar
per one thousand cubic feet. If this occurs there obviously will be more interest in
developing methane generators.

In 1972 St. Louis, MissoUri began grinding part of their trash into very fine
material. This ground up trash was mixed with pulverized coal and used as fuel to
generate electricity. This is an odorless and clean-burning fuel. Every ton of
trash used saves one-half ton of coal. Several European cities have been using their
trash to generate electricity for many years.

In Nashville, Tennessee 360 tons of the city's garbage is being used to generate
power each day. This is enough energy to heat and air condition 27 office buildings
for a year. This process reduces the amount of land needed for landfills and reduce
air pollution problems.

Waste -from _homes and agriculture, that can be used to produce energy, amounts to
about sixty-five pounds per person each day: This amounts to.2 1/2 million tons of
waste material each year. If this waste was-used to generate electricity, it would
supply over one-half of.our present need.
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E7=GY Flaj WASTE

Questions

1) Where does the energy in dead plants and animals come from?

2) Fow does a methane generator operate?

3) How can we use methane?

4) Where are methane type generators now used?

5) What are some of the problems with operating methane generators?

6) What is another way we can get energy from p:arbage?

7) What is now being done with this waste material?

3) How much of our energy needs could be meet by turning waste into electricity
or methane.
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NUCLEAR ENERGY

Many people believe that nuclear power from radioactive fuel will be the answer to
our energy demands. Some of our present electrical energy supply comes from nuclear
generators, but only a very small percentage. These nu:,lear generators are not
being built faster because of technological problems and the public fear of radiation
exposure in case of an accident.

There are three possible types of nuclear reactors: the fission reactor, the
breeder reactor, and the fusion reactor. All three types produce heat used to
change water into steam which turns a generator just like in a typical coal powered
electrical generating plant. These nuclear reactors all depend on changes in the
nucleus of atoms.

The nuclear plants in operation today are of the fission type. A small amount of
the radioactive element uranium-235 is placed inside a tube where it breaks apart
into other elements releasing heat. The released heat changes water, which is out-
side the tube, into steam. This steam then is used to turn a turbine. One golfball
size sample of uranium-235 contains as much energy as 15 train car loads of coal.

This sounds like a clean and neat way to generate electricity. However, some of
the problems with fission generating plants are these: (1) only enough uranium-235
exists to power this type of electrical generator for about 30 years, (2) the waste
material left after the uranium-235 is used up is very radioactive and will remain
so for many many years and must he stored in a safe place, (3) only a small percent
of the uranium-235 energy is changed into electricity, and (4) there is a danger
of radiation leakage from the reactor itself.

Extensive research is being done today on the breeder reactor, the first model of
which was built in 1951, in hopes that it will solve many of the problems of the
fission reactor and produce our needed electricity. The breeder reactor differs
from the fusion reactor in that it produces heat from a different kind of uranium
and the uranium used causes a more usable radioactive substance to be formed. This
means it is always making more fuel than it is using. Other advantages of the
breeder reactor over the fission reactor are that (1) it is more efficient (more
of the energy in the uranium is changed into electricity), (2) the waste material
is not as dangerous, and (3) it operates at lower temperatures and pressures,
thereby reducing the chance of radiation leakage due to accidents. The big problem
with the breeder reactor is that it is very difficult to cmtrol the reaction
producing the heat and the reaction destroys the equipment containing the reaction.

The third type of nuclear power is the fusion reactor. It is the scientist's dream
for the future. It operates on the sane type of reactions as the hydrogen bomb.
The fusion reactor would combine hydrogen atoms to make Helium atoms producing large
quantities of heat. This is the same way the sun produces its energy. For hydrogen
atoms to be joined, they must be heated to a temperature around 100 million degrees.
To date, this reaction has not been done in a controlled laboratory so it will
produce more energy than it requires. The hydrogen needed for the fusion process
can be taken from sea water. The potential energy of the amount of hydrogen in one
gallon of water is equal to the energy in 300 gallons of gasoline. Scientists feel
sure that some day they will be able to control the fusion reaction and harness it
for our electrical supply.
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Many people are fearful of anything to do with nuclear radiation. This fear may
come from the bombs dropped in Japan and/or from the fact that one cannot see or
feel radiation until it has caused damage. One of the biggest problems builders of
nuclear powered plants must overcome is this fear of radiation. Other problems
developers must overcome are (1) some waste from the power plants can remain radio-
active for 100,007) years. This i8 longer than any one form of government has existed,
so how can we control the wastes? (2) 150 nuclear power plants could produce more
lo.nglasting radioactive waste than 130,000 Firoshima bombs; (3) one mistake at a
nuclear power plant could endanger many people's lives? (4) strip mining for uranium
ore causes the same type of environmental problems as coal mining' (5) waste material
around uranium process plants contains radioactive radium which can he ilangerous
in higher concentrationS7 (6)most insurance companies limit or refuse to cover
damage resulting from nuclarpowe-... plants7 (7) radioactive waste material from
nuclear power plants can be-used in making bombs. This could be very dangerous in
the hands of the wrong people or countries (0) nuclear power plants are vulnerable
to sabotage and blackmail; and (9) the long-term safe level of exposure to radiation
is not known.

Questions

1) row much of our electricity presently comes from nuclear generators?

2) What are some of the reasons we are not building nuclear generators faster?

3) What do all three types of nuclear generators have in common?

4) Which type of nuclear reactor do we now have in operation? How does it operate?

5) What is different about the breeder reactor?

6) Which type of nuclear generator do scientists believe will eventually produce
most of our power?

7) What are some of the problems associated with operating nuclear power plants?
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ENERGY FROlt 1.1171D

Moving air (wind) contains great quanities of energy. The biggest problem with
capturing the energy of wine is, it is spread over the entire world and not
concentrated in a few locations:

Man has been aware of the energy contained in wind for a long time and has captured
some of it through the use of windmills. The windmills provided the energy to pump
water, grind grain, and make small amounts of electricity. For example: before
abundant supplies of gasoline, diesel fuel, and electricity were available to
settlers of Western Kansas nearly everyone had one or more windmills. In 1915 there
were 3,000 windmills in Denmark producing electricity.

As the need for energy grows and our present sources are disappearing, people again
are expressing interest in developing ways to trap the energy of wind. In the United
States, the winds of the Eastern Seaboard, the Aleutian Islands, Texas Gulf Coast,
and the Great Plains are the most constant and offer the greatest possibilities
as sources of enerp- from wind. It has baen proposed that 5,000 large windmills
floating offshore cu-ld supply the eneriry needs of the city of New York.

The many problems involved in capturing the wind's energy make it seem unlikely
wind will become a major source of energy in the near future. Some of the problems
are: (1) Large windmills are 1-Lard to maintain and take up much space.
(2) Wind does not blow constantly. (3) Only a few places have strong enough winds
to power electrical generators. and (4) A large number of wind powered generating
stations could interfere :rith local winds causing a change in weather patterns.

Questions

1) Pow has energy from wind been used?

2) Why did we stop using windmills?

3) What are some of the problems in capturing the wind's energy?
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MERCY F'XI TIDES

Tides are large moving bodies of water resulting from the pull of moon's gravity
and the rotation of the earth. Moving water contains a lot of energy; For examplo
think about all the damage floods can cause. The problem is trapping the energy
from tides and changing it into electricity or some other form which can be trans-
ported to where it is needed. If all the energy estimated to exist in the tides
could be captured, it would provide us with three times our present demands.

There are places along ocean shorelines where the water level changes many feet
between high tide and low tide. These are the most promising locations for captur-
ing the energy in tides. Present tidal power plants consist of a lar,;e darn across
a river mouth near the shoreline. Electrical generators and turbines are placed
in the dams. At high tide, water moves through the turbines and fills the reservoir
behind the dam. During low tide, water emptL,s out of the reservoir through tl
turbines into the ocean. As the water moves through the turbines it causes tli
generators to turn and make electricity just like in a hydroelectric plant.

The problems with tidal power plants are: (1) Only a few locations have great
enough difference between high a%d low tides to move large volumes of water in a
small area. (2) The dams cause ,great ecological problems to ocean life whose life
cycles depend on the areas trapped behind the dams. and (3) Salt water corrodes
the generating equipment.

Only two full scale tidal power generating plants are in operation. One tidal
plant is located on the Coast of Brittany of France and the other at Kislaya Cuba
in the Soviet Union. Many other small experimental tidal power plants have been
constructed over the world.

Questions

1) What is the source of energy in the tides?

2) Why can only a small amount of the energy in tides be captured?

3) Uhat kinds of conditions are necessary if we are to capture tidal energy?

4) How does getting energy from tides differ from petting electricity from
hydroelectric power plants?

5) What are some of the problems preventing us from building more tidal power
plants?
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GASIFICATION OF COAL

Coal is presently our greatest source of energy from the fossil fuels. Coal
contains carbon, hydrogen, oxygen, nitrogen, sulfur, and mineral ash. The best
coal supplies are those that contain Mostly carbon and hydrogen. This harder type
coal (anthracite) is found deep underground. At our present rate of energy usage,
we have enough coal to fill our energy needs for at least one-hundred years.

One of the problems with using coal as an energy source in our homes, factories,
and power plants is it produces air polluting Lubstances (for example, sulfur) when
it is burned. Sulfur compounds combined with water form an acid. This acid can
damage plants, metals, building materials, and animal lungs. Present pollution
control devices can control much of this problem.

One method for getting energy from coal without so many pollution problems is
through gasification of coal. In a coal gasification plant coal is placed in a
closed container and heated to about 1,000°F. and sprayed with hot steam. The
hydrogen from the steam combines with the carbon in the coal to form methane gas.
llethane gas burns clean like natural gas ar- can also be changed into gasoline,
diesel fuel or oil. The gasification plant craps sulfur and other pollutants.
These pollutant materials can be processed into useful chemicals.

Presently gasification of coal is being done experimently to improve the heating
capacity of the gas. However; the process of gasification was used before we had
natural gas. Topeka used this process to produce a gas called "town gas.'

Questions

1) Why have we not used more coal to supply our energy?

2) What does the word gasification mean?

3) How is coal changed into gas?

4) Why do we want to change coal into gas?

5) What will we do with the gas made from coal?
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OIL SHALE

Not all oil can be removed frog: the earth by pumps and oil wells. A lot of oil,
up to a trillion barrels, is contained in a soft rock throughout the world called
oil shale. The richest supply of oil shale in the United States is located in the
area where Colorado, Utah, and Wyoming meet. This area is a thinly settled, semi-
arid, wilderness with a rough terrain used for ranching, and hunting. The lack of
water prevents the area from being settled and farmed.

The oil containing shale was formed after the dinosaurs were living o% earth. It

is believed that the shale was formed as sediment in the bottom of a large lake that
covered much of the three state area for many thousand years. About 1/100th of an
inch of shale was formed each year. The present shale deposit varies from a few
feet to several. hundred feet thick. In some areas, the oil shTe is exposed on the
surface, while in other areas the shale is covered by as much ..s 1,500 feet of soil.
?Zany other valuable minerals are also mixed in with the oil shale. Aluminum, table
salt, and baking soda are examples of materials that can be extracted from other
minerals found in oil shale.

Scientist have known about oil shale for many years. Only in recent years due to
our Greater and greater demands for oil has,anyone seemed interested in developing
ways to remove the oil from the shale, The process for removing the oil from the
shale is much more difficult than pumping oil from wells.

The oil shale is mined, crushed,. retorted, and upgraded then it follows the normal
oil refining processes. Strip mining can be used if there is only a little soil
on top of the shale. If the shale is deep below the surface, underground mining
methods are used. After the shale is removed from the ground, it is crushed into
small particles. The ground -up shale is placed in a retort or oven and heated to
900° F. The heating causes the oil to evaporate from the shale and it can then
he collected. This first oil collected must be upgraded or processed to removed
sulfur and nitrogen before it can be sent to the refineries. At the refineries,
the oil is processed the same way as oil from wells.

In addition to further developing the equipment for removing the oil from shale,
other problems must be studied and solved before oil shale will he an important
source of oil. Some of these prcblems are (1) Hany different peopTh (1*m mineral
leases in the areas containing oil shale. Their minerals will often be destroyed
when the shale is mined; (2) What affect will the mining have on the geology of
the area? (3) dining would bring more pecple to work the mines. How will this
increase in population being served? (4) Who will provide the public services
(schools, sewage, water, power) for the mining workers? (5) What will happen to
the wildlife that presently lives in the area? (u) The oil shale expands like pop-
corn when heated. Where will the waste shale material be placed? (7) Where will
roads, pipelines, and powerlines be located? (3) Where will water needed for mining
be obtained? (9) What is to happen to the area after the mining is over and the
miner) move out? ano (10) What will the oil cost that is removed from the oil shale?

Using oil shale is not a ne.; idea. The Colorado Ute Indians birned oil shale in
campfires for firewood. France, England, and Scotiend have at various times used oil
shale as a source for oil. Ru.sia and China are presently using oil from oil shale.
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OIL SHALE

Questions

1) Why has the United States not been using the oil from oil shale?

2): Is oil shale only found in the United States?

3) What are some of the problems related to mining the oil shale?

4) How does getting oil from oil shale differ from our present ways of obtaining
oil?

5) How many years would it take to fort': a layer of oil shale 50 feet thick?

6) What is the area in Colorado like where the oil shale is found?

7) What would you say is the biggest problem holding up producing oil from oil
shale?

8) How are the products from oil used in our daily lives?

9) What would you suggest doing with the shale after the oil has been removed?

10) Find pictures of the oil shale area to show others.

11) Take a collection of articles discussing oil shale.

12) Do you think oil from oil shale will become an important source of energy?
Why?
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BLACK LUWC - The 'liner's Peril*

Imagine you are a coal miner in the Appalachian mountains. You enter the mouth of
a dark, underground, bituminous coal (soft coal) mine. You're aboard a huge machine
that chews into tue coal seam (vein). You're opening up territ-ry no one has ever
seen before. You go farther and farther underground. As you go deeper and deeper,
coal dust falls on you like a black mist. You see it on your clothes. You feel
it on your skin, and in your eyes. The dust gets into your mouth, your ears, and
into your lungs.

You've been a coal miner for many years. As time has passed, you've found it more
difficult to do your work. You're coughing a lot, walking more slowly, and you have
difficulty breathing. And you never stop spitting up coal dust.

You're worried, because your family depends on your income. But now you may have
to stop working. Uhy? Your doctor thinks you may have black lung disease. You're
not alone. The doctor told you that in your working area, one out of every 10 men
haq the same symptoms.

This is the story of thousands of men working U. S. coal mines. At least 125,000
men have been stricken.to some degree with black lung. And at least 4,000 men die
from it each year. But in Britain, another great mining nation, black lung disease
is much rarer.

What is black lung, and why do so many American miners, and not British miners,
come down with it?

Let's first get a closer look at the main target of coal dust--your lungs. Your
lungs are the most exposed internal organs of your body. During each minute of your
life, you brelthe in air about 20 times. (Try timing yourself, and see.) And each
time you do, you fill your lungs with the natural elements of air, such as oxygen
and nitrogen. But you also breathe .in other things--objects that are floating in
the air--such as dust particles.

Your body, however, wages a steady battle against the "garbage: you take in with
each breath.

To find out how this battle is carried on, let's follow a tiny particle of dust
down into your lungs and see what happens to it. First, the bit of dust moves
through your mouth into your trachea (TPAY-kee-ah)--"wfmdpipe.' The particle must
he a small one, or the trip might end right here--with a cough. Anything too larg
or too irritating automatically trips your "cough reflex." When this happens, your
lungs contract strongly, expelling air and the irritating bit of dust.

If the particle is not coughed up, it then flows into one of two tubes called bronchi
(BM!-kee). Each leads to a lung. These airways branch off repeatedly into thou-
sands of smaller and smaller tubes. Physiologists (scientists who study body
processes) call this intricate network the bronchial tree. At the very tips of the
smallest tubes are tiny air sacs called alveoli (al-vee-OH-lee). That is where the
oxygen you inhale passes into your blood and where the carbon dioxide you exhale
passes out of your blood.

*Science WorldOctober 11, 1971, pages 2 - .
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The tubes in the bronchial tree are lined with a special layer of tissue called
bronchial epithelium (ep-ee-TIIEE-lee-um). Certain cells in the epithelium pour out
a sticky fluid called mucus. Other cells have tiny hair-like 'fingers' called cilia
(SILL- ee -uh). These cilia constantly wave like a field'of wind-blown grain.

Now let's watch that dust pa:ticle. After it enters the bronchial tree, it swirls
through tubes that become smaller and smaller in diameter. What is likely to happen?
At one time or another on its trip to the alveoli, the dust particle probably touches
the wall of one of the tubes. As soon as it does so, it is trapped in the sticky
mucus.

Now the cilia take over. The hair-like whips continually beat the mucus and its
load of dust upward. The effect is like a "mucus escalator," with the tiny cilia
supplying the power. Particles on this escalator ride upward at a speed of a few
centimeters a minute. Finally, they reach the mouth, where they are swallowed or
spat out.

Let's assume, however, that the dust particle is extremely small (about one micron
or 1/25,400 of an inch in diameter). At this size, it is possible for the particle
to wind all the way through the bronchi and reach:the alveoli.

When the bit of dust arrives in the alveoli, special cells called phagocytes
(FAG-oh-sights) go into action. These cells "wander" all over the walls of the
alveoli. When they 'bump Into a bit of dust, they surround and 'sWallow" it.
Then, carrying their cargo of dirt, the phagocytes move to the bronchi, where they
are whooshed upward by cilia.

If you're a coal miner, you may inhale a great amount' of dust each year-more than
your phagocytes can "capture"- and:get rid of. Therefore, the coal dust particles
build up in and clog and damage your alveolf_. And as this dust builds up, your
lungs gradually change from their natural: pink color to black. Why Black? The
main substance of coal is carbon, and carbon is as black as an unlighted mine.

As more and more dust builds up, your lungs can't deliver as much oxygen to your
body as they used to. Also, your lungs are more likely to become infected, and
more likely to beLnme diseased.

Bl.,ck lung disease, called pneumoconiosis (YEW-moe-koh-nee-OH-sis), from the Greek
woz:s pneumon, "lung," and konis, "dust," is such a disease. And when black lung
str.kes, its victim becomes breathless, coughs, and spits up dust. He tires easily
anF finds it difficult to work. Eventually, he may get lung cancer or another
serious lung disease that can kill.

B32
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ck lung disease is not new. In
L miners were dying at an early
the dead miners, they found the
deaths on coal dust. Then, in

black lung--coal dust. And the

the early 1900's, doctors first noticed that
age. And when the doctors examined the lungs
lungs were black. But people hesitated to blame
1942, British scientists pinpointed the cause
British went into action.

Because it is an occupational disease (caused by the person's occupation), in 1943,
Britain made black lung compensable. That meant that workers who got black lung
would get paid, even though they could no longer work. And if they died because
of the disease, their widows would also get some money. But the British government
was also interested in preventing and detecting black lung disease before it
caused harm.
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Evtry few years in Britain, miners are X rayed. The amount of coal dust in mine
air is controlled by special machines. According to Dr. Gough, Head of Department
of Pathology and Bacteriology of The Welsh National School of Medicine, Cardiff,
Wales, this is the most important measure taken, because "...the more one reduces
the dust, the less disease there is.'

In 1959, Britain reported that 13.5 percent of the coal miners had black lung disease.
Now, due to research and technology, fewer than 12 percent have it.

However, according to Dr. Lorin E. Kerr, Director of the Department of Occupational
Health, United Hine Workers of America, in Washington, D. C., the picture is not
as good in the U. S. Dr. Kerr says, "I have reason to believe that as high as 20
percent of the working coal miners have black lung disease." What's more, at least
4,000 miners and ex-miners die each year because of black lung.

Why is the U. S. lagging behind Britain in controlling black lung disease?

Until 1969, few people in the U. S. seemed to be aware of black lung disease--or
few listened to the pleas of miners and their organizations. Very few doctors in
the U. S. could even identify the disease. In Britain, in 1942, because of years
of concern and research, the time mine workers were allowed to spend on a dusty
job was limited to only a few hours per day. In the U. S., there was no such limit.
Measures were taken in Britain to control the amount of coal dust in the air. Few
were taken in the U. S. British doctors regularly examined the workers. And those
that did get black lung were relieved from work, but still got paid. U. S. miners
were not treated this way.

Because of the hard work of the people in the Department of Occupational Health,
the United Mine Workers of America, and especially Dr. Kerr, a law was finally
passed in the U. S. in 1969. The Federal Coal Tline Health and Safety Act of 1969
has just begun to protect the health of our coal miners.

U. S. Scientists have begun research to find out how to treat and prevent black
lung. Eight hundred doctors from across the nation have attended special lectures
held by the American College of Radiology. These sessions train doctors to identify
black lung from X-ray pciture:

Examination of all American coal miners has begun. And miners stricken with black
lung, and widows of victims of black lung, are now paid certain amounts of money
by the U. S. government. By the end of 1971, Dr. Kerr estimates, 330,000 miners
or their families will be getting 'black lung" pay.

But many miners are unhappy with the Coal Hine Health and Safety Act. Why? In
order to get black lung sick pay, X -ray pictures and a special breathing test must
show that the miner has black lung. Some doctors and most of the miners claim that
this is unfair. Why? Only when the disease has become very serious does it show
up on the X-rays. According to Dr. Kerr, "We've got...a lot of men who are disabled
without positive X-rays (pictures that show the effects of black lung)."

The new law is not perfect, and changes are expected soon. However, the law, even
as it now stands, is a step forward--even if a late step. Han has created the
conditions that cause black lung disease, and only man can prevent it.

--Joan Schuman
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BLACK LUNG

Questions

1) What causes black lung?

2) Why do we say black lung is an energy related health problem?

3) How does black lung affect a person?

4) Can black lung pass from one person to another like the flu?

5) What kind of workers can get black lung?

6) How does the body try to fight off black lung?

7) Why is black lung less common in England than in the United States?

8) What is now being done in the United States to help prevent black lung?

9) Why do we mine coal?

10) How many United States Coal miners out of every 100 are suspected of having
black lung?

11) Why do people work in coal mines?

12) Do you expect'Coal workers in strip mines to have black lung? Why?

13) Whr're are the Appalachian Mountains located?

14) What is the most important action that can be taken toward controlling
black lung?
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SOLAR ENERGY
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APPENDIX D

Tape Narrations and Film

Our Energy Supply - Problems D-2

Our Energy Supply - Solutions D-3

We Use Power D-4
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OUR ENERGY SUPPLY

Our Energy Supply is a 20 minute, two part tape, produced by Bell and Howell as part
of The Only World We Have Series narriated by Dr. Leonard Reiffel and Miss iloones.

OUR ENERGY SUPPLY - PROBLEMS (Side I)

Presents a wide variety of the problems relating to our energy usage. An attempt
is made to define energy, describe our present sources, and explain the origin of
our energy problem.

Discussion Questions
Side I

1) Give some examples of ways we are using energy.

2) Name something that is not using energy.

3) Could our body live without energy?

4) Why are we becoming concerned about our energy supply?

5) What are some of the sources from which we get energy?

6) Can energy be changed from one form to another without losing some of the
energy?

7) What are the biggest causes of problems related to our use of energy?

3) that kind of things can happen to an area if a lake is built for generating
power? Which are the benefits? Problems?

9) What are fossil fuels?

10) Where do we get fossil fuels? flow?

11) About how long will our United States supply of coal last?

12) What are some sources of power other than fossil fuels?

13) How does our present population and life style affect our energy supply?

14) What does it mean to say some people are energy poor?

15) What is a calorie?
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OUR =ROY SUPPLY - SOLUTIO"S (Side II)

Dr. Reiffel explains how using energy creates problems with the environment by
causing various types of pollution. He sees nuclear energy as the primary solution
to our future energy problems and explains the types of nuclear energy available.
Other possible sources of energy are briefly examined such as tides, solar, and
geothermal.

Discussion Questions
Side II

1) Is there just one answer to our energy problems?

2) Why do we need to be concerned about the environment when discussing Lnergy?

3) What does Dr. Reiffel think our big source of energy will be in the future?

4) What does Dr. Reiffel .:cant to do with our remaining supply of coal, oil, and
natural gas?

5) Why are we not able to get more energy from hydroelectric power?

6) Where does nuclear energy come from?

7) That kind of uranium is needed for a nuclear reactor?

8) How does a breeder reactor differ from a fusion reactor?

9) What happens in a fusion reactor?

10) Which type of reaction produces the light in stars?

11) What is the big problem with using fusion reactors?

12) Where would we get the hydrogen for the fusion reactor?

13) What are some energy sources other than fossil fuels and nuclear energy?

14) How can we use geothermal energy? What produces geothermal energy?

15) How can we get energy from tides?

16) What is the big problem in using solar power?

17) Do you agree with Dr. Reiffel that nuclear energy will be our major source
of energy in the future?
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Film - We Use Power

11 min. - color Churchill Films

This film is located in the Topeka Public Schools Film Library. Have your media
specialist obtain it for you. Appropriate films may have been purchased since the
unit was prepared so be sure and check.

The power available to past generations is compared to the power available to us
today. The various forms of power are described and illustrations of how we use
power today are presented. ilany simple demonstrations are shown most of which
students can repeat.
Caution: If students repeat the demonstration using matches, be sure they have
taken precautions to prevent a fire.

The section of the film discussing electricity will be valuable in helping students
understand what happens in an electrical power plant.

Questions for Discussion

1) What kind of power did early man depend on?

2) What power source did man use to assist him other than his own power in early
times?

3) What are some of the ways man has used wind power?

4) What two ways has man used water power?

5) From where do most factories obtain their power?

6) Trace the changing of water power into electrical power.

7) What makes an electric motor turn?

3) are the sources of the power used in making electricity?

9) Describe how a steam engine operates.

10) Describe how a gasoline engine operates.

11) What kind of energy do scientists think will provide our power needs in the
future?

12) Name some ways your life would be different if you had only muscle power.
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aparDix E

Field Trip Related Information

Sample Request to Principal for Field Trip E- 2
(Form available from your building principal)

Field Trip Guidelines for Principals E- 3

Sample Letters to the Students' Parents
(Choose only one, contact your principal to determine which form to use)

A. Not requiring parent signature E- 4

B. Requiring parent signature E- 5

Field Trip Leader Directions E- 6

Student Data Sheet E- 9

Teacher Guide for Field Trip Discussion E-11
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THE TOPEKA PUBLIC SCHOOLS
REQUEST TO PRICIPAL FOR FIELD TRIP

Elementary Schools

Date Submitted

Any classroom teacher who plans to take a group of students on a field trip should
discuss the details of the trip with the principal of the school in advance of the
date for the trip. In most cases; this planning with the principal should be done
two weeks in advance of the trip. This form should be properly completed in dupli-
cate and signed by the teacher and the principal. One copy is filed in the office
of the principal and the duplicate is sent to the Office of Instruction to he filed
there.

School Grade Number of Pupils

Date of Trip Leave Return

Description of Trip The field trip will utilize the displays in the Kansas State

Historical Societ Buildin, under the leaclershi of the Environmental Education

Pro ect Staff and volunteers rovided the Historical Societ . The activities

will be an internal part of the eneray unit developed by the Environment Education

Project Staff.

Objectives of Trip

(1) To view displays illustrating the relationship between life styles and

energy available to individuals.

(2) To view examples of how availability of enerp changed and affected eo les

lives.

(3) To view exan les of how the amount of enera available to man affects how he

alters his environment.

(4) To view dis la s illustratin energy su.olies in Kansas.

Heans of Transportation

Required Cost Per Student None

Teacher's Signature

I approve the above request and accept responsibility for the field trip as stated
in the guidelines on the reverse side.

Principal's Signature Date
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FIELD TRIP GUIDELINES FOR PRINCIPALS

1. Pave definite educational objectives and procedures for evaluation been
established?

2. Is the field trip appropriate for the age level and/or subject area? And

can it meet established objectives?
3. Are the educational outcomes commensurate with the time taken prom the

regular instructional program?
4. Pave the students been adequately prepared to make the field trip a worth-

while experience?
5. Pas the teacher made adequate arrangements at the field trip site? (Dates,

time schedule, guides, safety measures, proper dress, etc.?)
cave any of the students within the teacher's group been denied the oppor-
tunity to participate? If so, was Food judgment used in making the
decision?

7. Pave arrangements been made for those students who are not participating?
3. Are you aware of the length of time the students will be away from your

building?
(2. Does the field trip conflict with other scheduled school activities?

10. Pave arrangements been made for students to be absent from other classes
and to do madeup work?

11. Are substitute teachers needed?
12. rave parents been notified of the field trip and been given an oppotrunity

to notify the school and ask that their child be excused from the trip?
13, To you have on file a parent-signed pupil infori-ation record for each child

giving permission for field trips (Item 164)? (Principals may wish to require

signed parental permission slips for specific individual trips.)
14. Are the transportaiton arrangements adequate and safe? Are the vehicles

adequately insured? (Remember that student drivers are not permitted to
transport other students.)

15. Is each student required to pay a fee? If so, do you know the total charge
and what expenses it covers?

16. Nave you made arrangements for those students who state they cannot 'afford"
the field trip fee?

17. Nave arrangements been made for emergency situations?
13. pas the field trip form been completed in detail and filed with the desig-

nated offices?
19. Does this field trip conflict with Topeka Plan Policy No. 11220 (1) which

prohibits "the giving or attending of paid performances during the school
day for which tickets will be sold or admission charged to students'?
(This includes commercial movie and theatrical productions.)

20. If you have doubts concerning this trip, have you discussed them with the
departmental supervisor or office of instruction?

21. Are you, as principal, 'ready and willing to accept your official respon-
sibility for this field trip?



E -4

The Topeka Public and Parochial Schools
Unified School District No. 501

Environmental Education Demonstration Project
Phone: 232-9374

Dear Parent,

Your child will be taking a field trip to the Kansas State Historical Society

Building, 10th and Jackson, on

Students will leave the school at and return by

The class has been studying about energy and how its usage affects our lives.

On this field trip students will be observing displays illustrating different life

styles and relating these life styles to the energy available to the individuals.

The field trip activities and the energy related curriculum being used in the

classroom was developed by the Environnental Education Project.

You are invited to participate in this field trip as an observer. If you wish

to go on the trip or have any questions, please contact me.

If you do not want your child to participate in this field trip, please contact

our building principal, and your child will do alternate activities in the school.
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The Topeka Public and Parochial Schools
Unified School District No. 501

Environmental Education Demonstration Project
.Phone 232-9374

Dear Parent,

Your child will be taking a field trip to the Kansas State Historical Society

Building, 10th and Jackson, on

Students will leave the school at and return by

The class has been studying about energy and how its usage affects our lives.

On this field trip students will be observing displays illustrating different life

styles and relating these life styles to the energy available to the individuals.

The field trip activities and the energy related curriculum being used in the

classroom was developed by the Environmental Education Project.

You are invited to participate this field trip as an observer. If you

wish to go on the trip or. have any question, please contact me.

Students will not be allowed to participate in this field trip unless this

form is returned with your signature.

I give my permission for to participate in the

field trip to the State Historical Museum.

Parent1s Signature
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LEADER DIRECTIONS

During the trip to the Kansas State 'Historical Society, the Agricultural Hall,
Indian Gallery, and fourth floor displays will be used.- The major purposes will be
to observe how energy demand and use changed with life style and the impact the
availability of energy has on man's manipulation of his environment. Once the
specific objectives for the.field trip are accomplished other ideas and displays
can be discussed.

Each student will have data sheets. that can be completed to provide a capsule review
of the field trip., The data sheets Can be partially:.completed during or after each
area is viewed; To not have students record.long answers on the data sheets, but
rather use single words or short phrases.

All groups will meet together for 15 minutes in the conference room before leaving.
They will have thei,ppportunity to handle samples of energy related articles and ask
que,:tions not previOuslY answered.

The following is a_list pf,specific points to'be discussed and/or observed at
various.locations.during the field trip.

1

Agriculture Hall

1) Types of materials and energy available to the Indians farming in Kansas
before the settlers.

) Types, of. material and energy available to the, early settlers in Kansas.

3) Energy is used in making equipment as well as in operating the equipment.

r 1 r '

4) The influence of the Homestead Act andiRailrbd on the settling'of Kansas.

5) Sod_hp4ses were. built, in western Kansas, ste.:, houSes in most of eastern
Kansas. ,Along Stream's where logs were,availle,'log cpbins'were
constructed.

6) During the late 1800's and early 19001s the primary energy source changed
from animal power to steam power, to diesel, and finally gasoline.

7) Hand operated tools gave way to electric powered tools.

3) As the source of power changed each person could control more power and
thereby manipulated his environment to a greater extent.

9) As the material in the equipment changed,from mostly wood to metal, the
amount of energy required to make the equipment increased greatly.

10) Steam energy to operate trains not only brought settlers to Kansas but
provided a ,Tay to ship cattle back east. This created the conflict between
settlers and ranchers. The farmers wanted to plow and use the land to
raise crops while the ranchers wanted to use the land for cattle grazing.

11) As a farmer could control more energy he was able to produce food for more
people. This allowed some people to do other things such as work in
factories, be artists, truckers, and etc.
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Leader Directions (Continued)

Indian Gallery

1) The Early Indians life style consumed little energy because it used natural
materials and mostly man power.

2) Farming Indians consumed more energy than hunting tribes because they
manipulated the earth, built tools, and built more permanent homes.

3) Food ::.-,ergy was the primary type of energy consumed by the original Indians
in Kan; s.

4) Energy to por railroads'and shoot guns was the primary advantage the
immigrants hao over the Indians.

5) More energy is required to make equipment from man made material than
naturai

Period Rooms

1) Examine the kind of energy used for heating, cooking, lighting, and
operating each of the homes represented.

2) Compare energy consuming devices in the represented homes with present day
homes.

3) Discuss hoMe heating and the influence of windows and insulation.

4) Be sure students understand that the represented homes have mostly wood
furniture with natural cloth covering while today's furniture is made of
plastic, synthetic cloth, steel, and wood. Modern furniture consumes
greater energy in its construction.

5) Compare the number and type of convenient appliances and recreational items
in the represented homes with those available today.

6) Compare the teaching aids in the one room school with those in use today.

7) Bring out that as each home consumes more energy it becomes more dependent
on other people, factories, power plants, and etc.

Transportation and Communication Displays

1) Discuss the type of energy used, amount and types of load it can move.
Discuss the speed of each of the following: covered wagon, pony express,
telegraph, train, stage coach, car, airplane, jet, and telephone.

Printing Exhibit

1) Point out that everything is hand powered.
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Leader Directions (Continued)

Blacksmith Exhibit

1) All material used was either iron, steel, leather, or wood.

2) Compare the methods of working iron in the blacksmith shop with todays
methods. How does the production rate and energy source differ?

Industry Displays

1) Review the location of coal in Kansas.

2) How was coal used? How is it used today?

3) Point out the locations of oil resources in Kansas. Observe differences
in early drilling rigs and modern rigs.

4) Wind was at one time an important source of energy for Kansas farmers.

5) The lack of adequate transportation caused the early silk industry in
Kansas to go broke.

Bison Display

The energy to power the trains into Kansas brought buffalo hunters and
provided a means to ship the hides back east. This resulted in the rapid
killing of the great buffalo herds.

Group Viewing of Articles in Conference Room

Students should be aware of the type of energy used to operate the article
compared. to its modern day replacement.



STUD= DATA SHEET FOR ENERGY UNIT
(For use in Historical Society)

Agricultural Hall Room:
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1. What were the common sources of pOwer for the first settlers in Kansas?

2. What kinds of material did the early settlers have to use in building homes and
equipment?

3. What two factors were most responsible for the rapid settling of the Kansas area?

4. What kinds of power were available to the Kansas farmers by early 1900?

5. By the 1930's what kinds of power were available to most farmers?

6. How did the size of farms change with the availability of more power?

7. How was the farm equipment used in the middle 1900's different than the equipment
used in the middle 1800's?

8. What brought about the conflict between settlers and ranchers?
. How did energy availability enter into this conflict?

Indian Gallery:

1. What kinds of material did the Indians (living in Kansas before the settlers)
have available to use in making tools and homes?

2. What was the source of energy used in making these tools and homes?
Which kinds of homes required the most energy to build?

3. What kinds of energy were used in obtaining their food supply?

4. What kinds of energy did the early settlers have that was not available to the
Indians?

5. How has the type of materials used changed over the last 100 years?
How do these changes affect energy needs?

Period Rooms:

1. What kind of energy was used in the sod house to provide light?
To provide heat?

2. What kinds of energy was required to make items in the sod house?



Student Data Sheet for Energy Unit (Continued)

3. What kind of energy provided light in the Victorian Home?
Provided the heat?
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4. What kind of power was used to operate the equipment in the period rooms?

5. How has the building of homes changed to improve their use of the energy
available?

6. What kind of heating and lighting were used in the one room school house?

7. What are examples of energy users in our homes that were not present in the home
represented by the 1859 bedroOm?

8. What are some examples of energy using equipment available in the present day
schoolroom that were not available in the one-room school?

9. What kinds of material was used in constructing house furniture before 1940?

10. How did the number of household appliances change between the sod house life-
style and the following wood frame house life-style?
Was there more energy required to manufacture the appliances for the second life-
style?

Fourth Floor Exhibits:

1. Compare the stage coach, car, and airplane: Which one is able to move people
the fastest? What kind of energy does each require?

2. How does working and shaping metal today differ from the methods used in early
1900's?

3. Where are most coal supplies found in Ramsas?

4. When was oil first discovered in Kansas?

5. Why did coal loose its importance as a source of energy in Kansas during the
last two decades?

6. Why did the early attempt to establish a silk industry in Kansas fail?
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TEACHER GUIDE FOR FIELD TRIP DISCUSSION

Upon returning from the field trip be sure the students hftve an opportunity to
discuss the data they have collected along with other comments they have regarding
the field trip.

Review how their life-style is different from their grandparents, and how it differs
from earlier peoples. Relate kinds and amounts of energy used with each type of
life-style.

Refer back to the information on life-styles in Topic V. By again looking at this
data the students may better be able to understand the different energy demands
for each life-style.

By thinking about their Home Energy Usage Checklist they can compare their energy
demands with those of the life-styles represented by the exhibits viewed during the
field trip.

Allow the students to discuss the pros and cons of reducing our energy demands by
going back to some of these earlier life-styles. Do the students see any examples
from other life-styles they are willing to adopt that will reduce energy demands?

Have the students discuss: Does life-style change first, or does the energy become
available first? How will our life-style change as energy becomes harder to obtain?
Does the size of our population affect the type of life-style we can have?

Have the students discuss that when more energy is available the more diversity
there is in a countries economy. This can easily be related to the decreasing
proportion of the United States population that is involved in farming and the
large variety of businesses and industry we have.


